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PLASTICS FOR POSTWAR PRODUCTS 
A 16-PAGE SPECIAL SECTION 





NICKEL AIDS THE RAILWAY INDUSTRY 
ro KEEP EM ROUMING! 


Railroad men perform near-miracles 
every day. With less locomotive ca- 
pacity and fewer freight cars than a 
decade ago, last year they moved about 
two-thirds more ton-miles of freight 
and over 100% more passenger-miles 
than in 1940. Figures for this year show 
substantial increases. 


Now, with locomotive-miles per 
month boosted about 40% above the 
pre-Pearl Harbor figure, railroaders 
rely upon the enhanced mechanical 
properties Nickel adds to iron, steel 
and non-ferrous alloys. 


Fortunately, engineering and operat- 
ing departments have long known that, 
properly used, a little Nickel goes a long 
way to prevent fatigue failures and 
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lengthen service life. It has been widely 
specified, to A.A.R. standards, for steam 
and Diesel locomotives, passenger 
equipment and freight cars that elimi- 
nate deadweight tons. Materials 
strengthened and toughened by Nickel 
are now staying on the job... despite 
overloads and stepped-up schedules. 


During years of peace it has been the 
privilege of International Nickel tech- 
nical staffs to cooperate with the men 
who build and operate all types of rail- 
way equipment. Now, with a war to 
win and Nickel alloys diverted to more 
direct war usés, technical information 
and “know-how” become especially use- 
ful. Counsel, and printed data about 
the selection, fabrication and heat treat- 


ment of alloyed materials is available 


to you upon request. 


New Catalog Index 


New Catalog C makes it easy 
for you to get Nickel litera- 
ture. It gives you capsule 
synopses of booklets and bul- 
letins on a wide variety of 
subjects — from industrial ap- 
plications to metallurgical 
data and working instruc- 


tions. Why not send for your (7 


copy of Catalog C today? 


* Nickel 
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IN THIS ISSUE 


Special Section: Plastics 


Wartime shortages stimulated 


many new and unusual applications 
of plastics. As engineers learned more 
about plastics’ unique characteristics. 
new designs incorporating plastics as 
Primary materials were developed. 
Tremendous expansion in their use 
for mechanical parts has resulted. 
efinements in plastics materials are 
continually being made. To help engi- 
teers evaluate the field, PRODUCT 
ENGINEERING presents in this issue a 
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Books and Bulletins 
New Materials and Parts 


Subscribers may encounter delay in receiving their copies of Product 
Engineering. Such delay is caused by wartime strain on transpor- 
tation and postal systems, a situation beyond the Publisher's control. 


comprehensive review of materials, 
properties, applications and references. 
This 16-page treatment beginning on 
page 583, is the first of a monthly 
series of special sections on materials, 
parts, and processes designed to help 
the engineer become familiar with new 
developments. 


C.E.D. and How to Use It 
Offhand, C.E.D. sounds like an- 


other New Deal bureau not even re- 
motely concerned with engineering 


design. But C.E.D., the Committee for 
Economic Development, actually is an 
organization fostered and operated by 
industry itself. It aims to stimulate 
post-war planning activity on the part 
of manufacturers so that when the 
service men return and todav's mil- 
lions of war workers turn their atten- 
tion to peacetime pursuits there will 
be as many jobs as possible waiting 
for them. There can be little manu- 
facturing until the products to be 
made have been designed. 

One of the primary jobs of C.E.D. 





is to get manufacturers started now 
on the design of their post-war prod- 
ucts. See page 539 for an explanation 
of how C.E.D. operates and what it 
is doing to stimulate design activity. 


Radio Tubes Classified 


Many mechanical engineering de- 
signers look upon electronics as an 
overwhelming and confusing mystery 
that defies definition. Insofar as the 
fields of application of electronics is 
concerned, the heart of all such de- 
vices is the electron tube. To get an 
intelligent understanding of the func- 
tioning and application of such tubes, 
the mechanical designer wants to 
know their basic operating principles, 
the types that have been developed 
and their functional operation. In an 
article on page 554, the basic prin- 
ciples of electron tube operation are 
explained by means of diagrams. 


Designing With Magnesium 


A series of five articles covering 
considerations in designing with 
magnesium alloys is brought to a 
close in this issue. The articles are 
based on information supplied by 
American Magnesium Corporation 
after exhaustive study and accumu- 
lation of a large share of existing ex- 
perience with magnesium. Data pre- 
sented have received little or no dis- 
cussion in technical literature. Impetus 
of wartime development has broad- 
ened the information on this com- 
paratively new material and will prove 
valuable in peacetime utilization of 
magnesium. 

The first three articles in the May. 
June and July issues of Propuct En- 


GINEERING dealt with physical proper- 
ties of magnesium alloys, treated sepa- 
rately in relation to their effect on 
design of structural members, includ- 
ing castings, forgings, rolled sheet, 
extruded sections, and tubing. The 
fourth article in August discussed cor- 
rosion protection. The final article of 
the series starting on page 568 of this 
number reviews methods of joining 
magnesium alloy parts to other mag- 
nesium parts and to other materials, 
and covers forming and machining 
characteristics without going into shop 
details. An illustrated section on pages 
574 and 575 supplements the article. 


Coordinating Standards Work 


As the author, B. C. Boulton, Ad- 
ministrative Engineer of Lockheed 
Aircraft points out in the beginning 
of his article on page 565 it is useless 
to establish standards if they are not 
properly incorporated into products 
being designed. Many companies have 
experienced great difficulties in or- 
ganizing so that the work of standard- 
ization will be properly coordinated 
with the design and products. The 
author explains these problems and 
tells how to organize in order to se- 
cure the cooperation of the various 
staffs involved and thereby achieve the 
best results from the establishment of 
design standards. 


Die-Forging 
Continuing the discussion of the 
rules for designing all types of die- 
fergings begun last month by Charles 
L. Tutt, Jr., Princeton University, the 
design rules presented in this issue. 
starting on page 576 apply to specific 


WHAT'S COMING 


Brittle Lacquer Testing 


types of die-forgings. The possibilities 
and limitations of each type of die. 
forging are set forth with comments 
on the relatively new press-forging 
methods, which are still too new for 
the formulation of many rules. 


Sheet Metal Shapes 


Many time and material savings 
methods for forming sheet metal have 
developed concurrently with the rapid 
growth of the aircraft industry. The 
tempo has been so rapid that not 
many companies have had time to ar- 
range their knowledge of forming op- 
erations and formed parts in an 
orderly sequence. Realizing the value 
of such a study, Lockheed is making 
this kind of data available to its engi. 
neers. Leon D. Dame, research engi. 
neer at Lockheed Aircraft Corpora- 
tion, see page 558, describes the re- 
sults of the project to segregate sheet 
metal parts into several classes ac- 
cording to their respective formed 
shapes and the forming limits of the 
materials used. 


Conservation Measures 


Conservation of materials is by no 
means a problem of the past. A 
methodical procedure for the solution 
of that problem must be of interest to 
many designers. In the article begin- 
ning on page 561, J. H. Staak of the 
fractional horsepower motor section 
of the General Electric Company, 
describes how the application of a 
simple philosophy in a methodical 
manner is saving thousands of pounds 
of critical materials, and thousands of 
hours of machine time and labor. 


Furnace-Brazed Aluminum 


Tanks 


Brazing aluminum parts in electric 
furnaces offers many design possibili- 
ties. In his article “Deformation Un- 
der Pressure of Brazed Aluminum 
Tank,” on page 581. L. W. Combs, 


Jr., research engineer. Lockheed Air: 


Perhaps no other design development technique has received the wartime 
impetus accorded brittle lacquer testing. At the Product Development Labora- 
tories of the Aluminum Company of America, Cleveland, Ohio, Russell G. 
Anderson adopted this Stresscoat method and other advanced techniques to 
study the design of aluminum parts in all types of aircraft engines. 

In a group of articles to appear in successive numbers of Propuct ENGINEER- 
ING, Mr. Anderson will explain various stress analysis techniques in detail. The 
first of these articles, “Testing Designs of Machine Parts by the Brittle Lacquer 
Method,” will appear in the October number. 


craft Corporation, contributes 4 
description of tests made to determine 
the strength of an aluminum alloy 
tank made by brazing together a 
baffle plate and two half shells. Data 
indicating deformation under pressure 
are included. 


Epicyclic Gear Trains 

Formulas for calculating the angu 
lar displacement and speed ratios 
of elements in six different epicyclic 
gear trains are given by M. F. Spotts 
of Northwestern Technological Insti 
tute, see page 609. Formulas are sup 
plemented by line drawings which 
show relative movements of gears an 
shafts. 


Electronics in Industry 


The scope of the electronics field has broadened with amazing rapidity dur- 
ing the past few years. Electronic devices for rectification, control, timing, and 
registering have been applied to industrial machinery of all types. A compre- 
hensive view of electronic applications will be presented next month by Propuct 
ENGINEERING in a 16-page special section. Types and operating characteristics 
of tubes, typical applications and reference data will be offered. This will be 
the second in a series of reviews on materials, parts and processes. 
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How Designers Can Benefit 
Through C.E.D. Activities 


Highlights are presented in the organization and operation of 
the Committee for Economic Development with details on how 
communities are organized to stimulate post-war planning by in- 
dustrial firms within their boundaries. The program fostered by 
C.E.D. to encourage product development activities for the post- 
war period is described. Charts identify key C. E. D. officials. 


HE greatest struggle ever faced 

by American industry will begin 

when “the strife is o’er, the bat- 
tle done.” About 10,000,000 men serv- 
ing in the Army and Navy will be 
demobilized then. A large portion of 
the more than 52,000,000 civilian 
workers engaged in the production of 
the materials of war will be out of 
wartime jobs. Industry’s battle will 


be to provide the jobs that these men 
and women will be seeking. If it loses, 
the only thing left is governmental 
regimentation. 

Planning for this battle calls for 
bold measures and action now by 
those tens of thousands of industrial 
and business concerns that form the 
foundation of the American economic 
structure. Each individual firm must 


do its own post-war planning to pre- 
pare for the phases of the coming bat- 
tle that are peculiar to it alone. And 
all of this planning must be done 
voluntarily. 

With this philosophy for a back- 
ground, an organization known as 
the Committee for Economic Devel- 
opment has been formed voluntarily 
by a group of the country's leading 
business men, headed by Paul G. 
Hoffman, president of the Studebaker 
Corporation. This group proposes to 
do everything it can to stimulate what 
it calls the right kind of post-war 
planning by all concerns, and to en- 
courage all possible aid to those firms 
not large enough to employ a staff of 
experts. 

Although one of the precepts on 
which C.E.D. was founded is to elim- 
inate the necessity for governmental 
participation in our direction of the 
post-war planning activities of indus- 
try, the organization, strangely 


“Business must be ready to act quickly and surely when peace 


comes. Long before victory is won, it must have planned actively 
and soundly for the post-war period . . . and it must have planned 
boldly. Only bold planning now can form the basis for the bold 
action necessary immediately after the war ends. 

“Once peace comes, industry must be ready to race to high-level 
employment very quickly. The desire for goods will be in the 
people’s hearts and money to buy will be in their hands, but 
business must be ready to put the idle millions to work. It must 
get jobs to the idle millions before long unemployment brings 
them fear and disillusionment and want. Industry must be pre- 
pared for this grim yet inspiring race. If business has planned 
boldly and has the courage to act boldly when peace comes, then 
its wheels can begin to turn in time ... When it comes to provid- 
ing post-war jobs, we just can’t chance bringing too little, too late.” 
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PauL G. Horrman, President 
The Studebaker Corporation. 


Chairman of the Board of Trustees 
Committee for Economic Development 
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Director of Field Development 
C. Scott Fletcher 


















Field Staff 


enough, had its inception in a govern- 
ment department. Secretary of Com- 
merce Jesse H. Jones sometime last 
year suggested to Mr. Hoffman that 
it industry is to avoid governmental 
regimentation in the post-war period 
it had better plan to produce enough 
goods so that a depression with its 
consequent unemployment could not 
occur. 

Mr. Hoffman accepted the challenge 
and, after giving much thought to 
possible organizations and procedures, 
decided on the present setup as the 
most workable. Secretary Jones be- 
came so enthusiastic over its possi- 
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Field Development Committee 


Chairman — Marion B. Folsom 
Vice-Chairman — C. H. Gager 


135 to 150 State and District Chairmen 


More than 1,000 Community Chairmen 


Field Headquarters Staff 
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Board of Trustees 


Chairman — Paul G. Hoffman 
Vice-Chairman — William Benton 


Secretary 


Research Committee 


Advisory Board 
Chairman — Sumner H, Slichter 








Trade Association Division 
Chairman — Pyke Johnson 


bilities that he offered rent-free office 
space in the Department of Commerce 
Building for a headquarters and made 
available to the new group all the De- 
partment's facilities and data. C.E.D., 
however, has no connection with the 
government. It is an independent, pri- 
vate, non-profit corporation financed 
entirely by contributions from indi- 
vidual businesses. 

The board of trustees, of which Mr. 
Hoffman is chairman, consists of 18 
leaders in industry and business, an 
executive director and a secretary. 
The trustees establish basic policy. 
C.E.D. functions through three divi- 








Executive Director 


John J. Fennelly 


Carroll L. Wilson 


Chairman — Ralph E. Flanders 
Vice-Chairman — Chester C, Davis 


Vice-Chairman — Robert De Blois Calkins 


Industrial Advisory Board 


Executive Committee 

Chairman — David C. Prince 
Vice-Chairman — Pyke Johnson 
Vice-Chairman — T. V. Houser 






Product Development Division 


Chairman — George F. Nordenholt 
Vice-Chairman — Gerald C. Johnson 







Vice-Chairman — Earl Constantine 
































Finance Committee 


Research Director 


Theodore O. Yntema 

















Divisions in Formation 
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Engineering Consultants 












Marketing Division 
Chairman — T. G. MacGowan 
Vice-Chairman — Albert Haring 








sions—finance, research and field de- 
velopment. The finance division is 
concerned with the financing of C.E.D. 
activities. The research division con- 
sists of a working committee of bus- 
inessmen, an advisory board made up 
of distinguished economists and social 
scientists and a staff consisting of 
business analysts and teaching econ- 
omists. This division is engaged in 
national studies concerned with the 
practical problems of reconversion to 
civilian production and with the de- 
fining of the conditions necessary 10 
encourage progressive growth of bust 
ness enterprise in the post-war period. 
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Field development is handled by the 
field development committee, consist- 
ing of the twelve regional chairmen, 
a chairman, vice-chairman, staff and 
the industrial advisory board. 

Each regional chairman appoints a 
district chairman for each 1,000,000 
population in the region. The district 
chairman, in turn, appoints a com- 
munity chairman for each community 
in his district. These community 
chairmen are the foundation of the 
whole organization because theirs is 
the responsibility for stimulating post- 
war planning by every business and 
industrial concern in each community 
and helping such firms to obtain the 
aid they may need in such activity. 

The field development staff is com- 
prised of businessmen, business con- 
sultants, economists and journalists. 
The functions of this staff are to assist 
regional chairmen in the organization 
and administration of regional, dis- 
trict and community committees, man 
the Washington headquarters “clear- 
ing house”; work with the industrial 
advisory board in the development of 
ideas and data helpful to individual 
businesses and communities; keep 
constructive ideas in motion through 
business papers, general and technical 
publications, press, radio, public 
speakers, trade and professional asso- 
ciations; help trustees and chairmen 
in encouraging early adoption of post- 
war policies by decentralized corpora- 
tions—those with policy makers in 
one location and manufacturing lo- 
cated elsewhere—so that local plant 
managers will be in a position to 
work with and profit from the work 
of community committees. 

The industrial advisory board is 
made up of men experienced in the 


“Undoubtedly security is 
worthy of a high place in men’s 
ideals. Let us remember, how- 
ever, that no nation has ever 
achieved greatness simply by 
striving for security. None of 
the world’s great ages has been 
based upon striving for security. 
More positive and dynamic 
ideals are needed in order to 
bring out the best men. Hence 
the nation which wishes to be 
great must place enterprise 
ahead of security. It must regard 
innovators, experimenters, start- 
ers of enterprises as peculiarly 
useful citizens and go out of its 
way to furnish them a congenial 
and hospitable environment. It 
must strive to inerease the pro- 
portion of its citizens who be- 
come experimenters and innova- 
tors and who make their living, 
not by getting on someone else’s 
payroll, but by creating payrolls 
of their own.” 


various branches of business opera- 
tions, industrial designers and engi- 
neers, representatives of national trade 
associations, business publications and 
business service organizations. This 
board works with and advises the 
field development committee and staff. 
Among the functions of the industrial 
advisory board is the development of 
basic background material to stimu- 
late and assist community panel dis- 
cussions on such subjects as market 
analysis, materials, processes, product 
design, personnel relations and train- 
ing, distribution trends, selling and 
advertising, accounting controls and 
post-war finances. 

The product development division 
of the industrial advisory board is 
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Sumner H. SLICHTER, 

Professor of Economics, Harvard University, 
Chairman of the Research Advisory Board 
Committee for Economic Development 


the part of C.E.D. that can be most 
helpful to design engineers. Members 
of this division are listed in an ac- 
companying diagram. 

To help stimulate post-war plan- 
ning, C.E.D. has distributed several 
helpful and thought-provoking book- 
lets. One is called “Markets After the 
War—An Approach to Their Analy- 
sis,” and was originally issued by the 
Bureau of Foreign and Domestic Com- 
merce of the Department of Com- 
merce. The other is “Plan Post-War 
Jobs Now—Suggestions for Industrial 
Employers.” Together, these booklets 
not only explain the C.E.D. philosophy 
but describe in detail an orderly pro- 
cedure for post-war planning that can 
be carried out easily by any firm. 
regardless of size. This procedure is 
outlined below: 

I. Determine Your Company’s Ob- 
jectives. 

First: Anticipate Post-War Volume 
of Business. 

Second: Formulate a Program of 
Specific Steps. 

Third: List Specific Difficulties. 

1. Plant reconversion. 

2. Changes in processes. 

3. Product development. 

4. Sources of supply. 

5. Marketing facilities and mar- 
keting methods. 

6. Financing. 

7. Accounting. 

8. Personal policy. 

9. Training programs. 

Fourth: Implement Plans. 

lI. Assign Responsibility Within Your 
Organization. 
III. Approach to Post-War Planning. 

A. The gross national output—the 
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— P. B. Postlethwaite 
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Vice-Chairman — Dr. Arthur R. Upgren 
10. Kansas City 
: Chairman — Grant Stauffer 
Vice-Chairman — J. C. Williams 
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basic measure of business and employ- 
ment opportunity. 

B. Significance of these figures for 
your company’s planning. 

C. The lessons of post-World War 
I experience. 

D. Estimating your share of the 
post-war production. 

E. Acting on your plans. 


Much of the information necessary 
to carry out this program is contained 
in the two booklets mentioned. Thus, 
statistics on accumulated purchasing 
power show that from 1929 to 1941, 
inclusive, individuals saved 9.2 per- 
cent of their total income, minus 
taxes; but 1942 and 1943, estimated, 
savings will run to 30.8 percent. This 
gives an idea of the backlog of pur- 
chasing power that will be let loose 
when the war is ended. Other data 
given is to be used for calculating 
the level of production necessary for 


each company to maintain if it is to 
play its full share in minimizing post- 
war unemployment. One very useful 
tool given in the booklet on sugges- 


342 


tions for employers is a work sheet on 
which personnel can be analyzed from 
several standpoints. 

Designers can make particularly 
good use of the facilities offered by 
C.E.D. The product development divi- 
sion has several projects already under 
way which will provide much useful 
information and data, and further 
projects will be developed as they are 
needed. Among other activities, the 
product development division is avail- 
able to suggest where the answers to 
product development problems might 
be found. 

One of the division's present proj- 
ects is the assembling of a slide film 
with a recorded discussion. Industrial 
designers and manufacturers are being 
invited to furnish before-and-after pic- 
tures and significant data on the de- 
sign of pre-war products for use in 
this film. Increased saleability of the 
product by virtue of the redesign will 
be emphasized. Selection of the ex- 
amples used in the film will be passed 
upon by the board of review. 

The film will be circulated during 
the fall and winter to all C.E.D. re- 
gional committees and shown to in- 
terested groups. It will emphasize the 
importance of the experienced indus- 
trial designer in creating new and 
saleable merchandise. All material 
for consideration in the film should 


he sent to G. F. Nordenholt, Editor, 
Propuct ENGINEERING, 330 West 42nd 
St., New York, N. Y. In this project 
the product development division is 
cooperating with the Philadelphia Art 
Alliance in its first Industrial Design 


Exhibit to be held Oct. 4 to Nov. 11, 


1943. At the request of individuals 
submitting material for the film, 
C.E.D. will forward it to the Alliance 
for use in the exhibit. 

It behooves every designer to know 
who is chairman of the committee in 
charge of C.E.D. activities in his com- 
munity. If the name of this person is 
not known, it can be obtained quickly 
by writing to C. Scott Fletcher, Direc- 
tor of Field Development, Committee 
for Economic Development, Room 
3311, Department of Commerce Build- 
ing, Washington, D. C. Such inquiries 
can be sent also to PRODUCT ENGI- 
NEERING. 

Many instances of C.E.D.-inspired 
community post-war planning are al- 
ready available: for study and guid- 
ance. One of these comes from Cleve- 
land, Ohio, where under the leadership 
of Elmer Lindseth, vice-president of 
the Cleveland Electric Illuminating 
Company, a summer timetable was 
set up which by mid-September should 
find all of the city’s 2,500 firms in the 
throes of post-war planning. The plan 





involves personal canvass work and 


calls for the following successive 
steps: 

l. Appointment of sub-committee 
chairmen: 


2. Appointment of the industry ac- 
tion committee. 

3. Meeting of the industry action 
committee and presentation of the pre- 
liminary program to Cleveland em- 
ployers. 

4. Follow-up by the local C.E.D. 
secretary and members of the industry 
action committee by letters to em- 
ployers stating objectives, accom- 
panied by the “Handbook for Em- 
ployers” and other literature urging 
appointment of a post-war planning 
executive and enclosing a return sheet 
giving the planning official’s name. 

5. Follow-up of employers by let- 
ters, telephone calls and personal 
visits by members of the Junior 


Chamber of Commerce and others en- 
listed in this activity. 

6. Mailing of “Markets After the 
War” to those engaged in market and 
sales analysis. 

7. Follow-up of all company presi- 
dents who have not named a planning 
executive. 

8. Collection of statistical data on 
post-war employment from all com- 
panies. 


9, Post-war clinic to service all local 


planning companies with panel dis- 
cussions and exhibits. 

The C.E.D. is not concerned with 
becoming a permanent organization. 
Nor is any thought being given to 
the problems of industry ten years 


after the war when there might be 
another depression. Once the goal— 
jobs for all under a productive free- 
enterprise system in the immediate 
post-war period—is reached, the or- 
ganization will disband. 

One of its most unusual features is 
the spontaneity with which C.E.D. 
has been accepted almost universally, 
particularly by business leaders. This 
is probably because its founders and 
promoters are industrialists and busi- 
ness men who want only to see pros 
perity for the country as a whole in 
the post-war period. Absence of poli- 
tical connection and influence make 
it particularly appealing to all who 
have the good of the free-enterprise 
system at heart. 

One point that everybody con: 
nected with C.E.D. stresses is that the 
organization cannot and will not think 
for any individual or any firm. This 
means, of course, that C.E.D. is not 
set up to perform the act of post-war 
planning. It is interested only in 
helping individual business concerns 
to do their own planning. 
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Outstanding Engineering Makes the Jeep 


An Indispensable Piece of War Equipment 


FFICIALLY, its called the 
“general purpose” car or the 


Willys Model MB Truck. Our 


army calls it the Jeep. It’s actually 
a car of a thousand and one war 
uses, ranging from reconnaissance 
to anti-tank combat. Painstaking 
design development based on auto- 


motive experience made this mass- 


production car a top-flight weapon. 

Forerunner of the Jeep was the 
flat-platform scout car shown to 
automotive manufacturers by the 
army in March 1940. Starting with 
the idea of a low-silhouette vehicle, 


capable of high road speeds yet 
able to pull heavy loads through 
sand and mud and several feet of 
water, Willys engineers cooperated 
in the development of this new 
type of all-purpose war equipment. 
Features of the jeep are four- 
wheel drive, a built-up welded 
frame, extremely compact design. 
Side silhouette height over cowl is 
only 40 in. Wheelbase is 80 in. 
Engine horsepower is 15.63 SAE, 
or 60 at 4,000 r.p.m. Total weight 


is not over 2,175 lb. unloaded. 


Frame side rails are 0.093 in. 


stock N.A.X. steel of 70,000 lb. per 
sq. in. tensile. A 134 in. wide re- 
inforcing strip of the same mate- 
rial is spot-welded to both top and 


‘lower flange. The forward part of 


the frame is of box section. Front 
cross member is 3/32 in. stock, 
rolled up and welded into a 3 in. 
tube. Rear bumperettes are of 1070 
high carbon steel mounted directly 
on rear cross member. 
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JEEP FRAME 
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(continued on next page) 
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Engineering the Jeep for Mass Production (continued) 


TRANSMISSION AND SPRINGING DETAILS 
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Transmission 


Transmission and transfer case. 
Transmission is a conventional three- 
speed-forward,  one-reverse Warner 
type, equipped with a special rear 
mainshaft for driving transfer case. 
Drive to rear wheels is through trans- 
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mission and transfer case. For four- 
wheel drive transfer case drive to 
front axle is engaged by special lever. 
Transfer case is essentially a separa- 
rately controlled two-speed transmis- 
sion which provides a low and direct 


Tronsfer Case 





gear and also a means for driving the 
front axle. Another shift lever engages 
and disengages transfer gears. Trans- 
fer case is mounted directly to the 
rear face of transmission. It is easily 
accessible for servicing. 
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Fron+ Wheel 


Front wheels are driven by axle 
shafts eguipped with constant-velocity 
universal joints enclosed in the steer- 
ing knuckle housings. Differential is 
mounted in the housing so that the 
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drive pinion shaft is located towards 
the rear and to the right of axle cen- 
ter. This design allows placing of the 
front propeller shaft along the right 
side of the engine oil pan. Thus road 
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Rear Wheel 





clearance under engine is not reduced. 
Both front and rear wheels are car- 
ried on two opposed Timken tapered 
roller bearings. Front and rear differ- 
entials are regular hypoid type. 
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Compactness of design is 
shown in this under-the-hood 
photograph. Practically every 
cubic inch of available space 
is utilized. Radiator and fan 
are shrouded to insure cooling 
efficiency. Electrical equip- 
ment is mounted as high as 
possible to permit engine op- 
eration while the Jeep travels 
through several feet of water. 
Efficient radio communication 
is obtained by grounding all 
movable sheet metal parts with 
special steel straps, and by 
the use of filters in several 
electrical circuits. Resistor- 
type suppressors are placed in 
the ignition system. All elec- 
trical parts are easily acces- 
sible for servicing in the field. 


“Torque reaction spring 
assembly 


Left Front Spring and Shock Absorber 


Rear Spring and Shock Absorber 


Springs are equipped with hydraulic 
shock absorbers of the direct action 
type, adjustable. Springs are chrome- 
manganese alloy steel. Left front 
spring has a normal load of 525 lb. 
with an average rate of 195 lb. per in. 
at ts in. camber. Right front spring 
has a normal load of 390 lb. at 195 Ib. 
deflection rate at fs in. camber. Rear 





srrings will carrv + normal load of 
800 lb. at a rate of 190 lb. per in. 
with 14 in. camber. A torque reaction 
spring stabilizes the front axle. 
Shackles are of pressed-metal screw 
type with Neoprene dust shields. 
Spring saddles are welded to the un- 
derside of the axle housings. Molded 
rubber bumpers absorb shock loads. 
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Blackout head lamp is based on 
the principle of polarized light. The 
lens is so designed that only horizontal 
light beams are allowed to penetrate 
or pass through. Vertical light beams 
are blocked, therefore light rays can- 
not be seen from a point above the 
horizontal, yet enough light passes 
through for slow-driving visibility. 
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Redesigned 
“Bits and Pieces” 
Speed 
Detroit Ordnance 
Production 


TAMPINGS, forgings and castings 

have. replaced tediously machined 
parts of the 40 mm. anti-aircraft gun, 
the Oerlikon gun and the 50 cal. AC ma- 
chine gun. Redesigns were by Chrysler 
and General Motors engineers in coopera- 
tion with Army and Navy Ordnance engi- 
neers. Man-hours have been appreciably 
reduced and considerable savings made in 
critical materials. The complete story was 
told in Propuct ENGINEERING, page 467, 
August 1943. Further examples of rede- 
sign are shown in this and the following 
pages. Especially noteworthy is the hy- 
draulic gun elevating mechanism devel- 
oped by Pontiac for the Oerlikon gun. 





Original Recoil Spring Casing 
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NEW DESIGN 









Rolled-up steel re- 
places a complicated 
design of sleeve buffer 
tube in the .50 cal. 
machine gun. Latch 
locks trigger in con- 
stant firing position. 
AC Spark Plug engi- 
neers lance out a piece 
of strip steel, form the 
latch, roll strip up to 
tubular form, replac- 
ing a six-piece assem- 
bly with a single piece. 
Locking stud and 
spring were replaced 
by a formed dimple. 


Steel tubing welded 
to forging saves 42 lb. 
of critical nickel steel 
in the recoil spring 
casing of the Oerlikon 
gun. Original forged 
design required the 
machining off of about 
50 lb. of material. 
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Hydraulic pressure 
raises and lowers the Oer- 
likon gun carriage in this 
Pontiac redesign. Former 
model was gear-driven. New 
design lends itself to rapid 
large-scale production. Op- 
eration is simpler and eas- 
ier. Three oil pumps oper- 
ate the mount. Three ped- 
als are spaced around the 
base; operation of any one 
will raise or lower the car- 
riage. 

Within the ram is a ram 
spring and tube assembly, 
to aid the hydraulic mech- 
anism in raising the ram 
and gun and cushioning 
downward travel. This as- 
sembly consists of five rec- 
tangular wire coil springs, 
separated from one another 
by steel spacer washers. 
At the lower end of the 
tube the springs are re- 
tained by a flange welded 
to the tube. These springs 
act against the upper end 
of the ram through a ball 
thrust bearing and a cup 
shaped retainer which 
screws into the internal 
threads in the ram. 


Man-hours required for machin- 
Ing were reduced 25-30 percent by 
AC Spark Plug engineers through 
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r the 


retracting slide bracket on the 50 
cal. machine gun. Bar stock weighed 


Cradle lock 
C rade 


Spring 
retainer 
a 
spring 
thrust 
bearing 


"I 


oi Ram spring 
1 
S 


N 
` 


` 
* “Cartridge 


Casing hole 
cover 


bag 


v 


/ 


La 


Weight and band 


VILA 


b 
Š 


Z 
/ 


"—Peda! opening cover 


N 


——— Ram cylinder 


— 
~ 


—-- Pump pedal 


S 


A 


d 
Ms: 


| 


4.5 lb. Rough casting weighs 2.5 lb. 
Finished part shown at right, weighs 


1.5 1b. 


(continued on next page) 
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Section Z-Z OLD DESIGN NEW DESIGN 
Welded-up rolled sections were anti-aircraft gun. Alternate design sign saves 60 percent of steel, uses 
i used in this Chrysler redesign of the was an 8 lb. casting or forging ma- material costing less. Man-hours for 
water jacket spacer on the 40 mm. chined down to 4 lb. New stiffer de- production were reduced appreciably. 





Centrifugally Cast Small Parts 





Cleser dimensional tolerances ter, was simplified by redesigning so molding, specially designed for good 
were obtained by replacing the cast that it could be centrifugally cast. anchorage. Parts, the largest of which 
bronze lug, left, with a centrifugally Assembly operations were eliminated. is slightly over an inch long, were 
cast piece. The instrument part, cen- At right are shown inserts for plastic produced by Morris Kaplan and Sons. 
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WARTIME DESIGN NEWS | 


MANPOWER CRACKDOWN: 

A national service act, under which 
the government would draft workers 
as it conscripts soldiers, may be ex- 
pected if the “war-work or fight” pro- 
eram instituted in mid-August by the 
War Manpower Commission proves 
unsuccessful in holding war workers 


at their present jobs, supplying new 
war workers and channeling necessary 
men to the armed services. 

The program was announced as the 
manpower situation assumed the most 


critical proportions it has yet attained. 


Evidences of the seriousness of the 


situation were found in protests by 
local draft boards against inducting 
pre-Pearl Harbor fathers while single 
men retained occupational deferments 
and in War Production Board’s inde- 
cision with regard to several projected 
programs calling for additions to 
production capacity in 1944 and 1945. 
WPB was known to be holding up 
final decision on whether to carry out 
these programs (aluminum and elec- 
tric power, to mention two) pending 
an attempt to determine whether there 
would be sufficient manpower to oper- 
ate them when they were completed. 

Tool designers, engineers and engi- 
neering design draftsmen were in- 


cluded in the new list of critical occu- 
pations WMC appended to its pro- 


gram. Men holding these “war use- 
ful” jobs will be eligible for special 
deferment privileges, which inelude 
consideration of factors not heretofore 
included in determining whether regis- 


trants should be granted occupational 
deferments. Men possessing these 
critical skills who are not now en- 
gaged in war useful jobs will be re- 
guired to get into war industry or 
supporting civilian work by Oct. 1 or 
lose any other claim they might have 
to occupational deferment. Since draft- 
ing of fathers will begin at that time, 
the only remaining grounds for de- 
ferment will be physical incapacities. 


May Ease Father Draft 


WMC officials predicted that if the 
regulations and the new program work 
according to plan, and they receive 
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the support of all agencies concerned, 
relatively few fathers will be drafted. 
In any event, the first fathers to go 


will be those contributing least or 
nothing to the war effort in their 
civilian occupations. 

It was emphasized that the new list 
of 149 critical occupations will not 
do away with earlier listings of critical 
occupations in the 35 industries 
WMC has found to be essential to or 
in support of the war effort. These will 
continue, as in the past, to provide 


grounds for occupational deferment, 


and will act as a “second priority” 
for occupational deferment, second 








only to the new list of critical jobs 
Engineers and many technical cate 


gories are included on these critica 
occupation lists by industries. 

In return for the promise of even 
more consideration for draft defer. 
ment—local boards still retain the 
right of final decision as to classifica 


tion of any registrant except in case 
of appeal beyond the local board— 
holders of the 149 critical jobs are 
virtually frozen in their work, and 
will be permitted to shift only on re 


ferral by or under arrangement with 
the United States Employment Sen. 


ice. Workers possessing any of th 





Evidence of the heavy action through 
which this Jap 105-mm. gun went be- 
fore its capture by American troops 
in the Southwest Pacific area is given 
by the shield. Compare the piece, with 
its steel-shod wooden wheels and 
flimsy shield, with the 105-mm. gun 
used by United States troops, as 


Photo by U. S. Army Signal Corp 


mounted in “The Priest.” the M-7 gw 
motor carriage (Propuct ENGINEER 
ING, Jan., 1943, p. 3) or as mounted 
on rubber-tired wheels for speedy 
movement behind a truck. Besides be 
ing considerably less mobile than the 
American gun, the Jap gun is inferior 
in muzzle velocity and fire power 
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149 critical skills who are not now in 
war useful work will be hired only 


“through the USES to insure that they 


obtain jobs which need most to be 
filled. 


Job Deferments Easier 

Special priveleges relating to the 
latest critical-job list include instruc- 
tions to draft boards to consider, in 
determining “replaceability” of a 
given worker, the actual and immedi- 
ate effects which his induction would 
have upon production. Draft boards 
are to consider not only the national 
shortage in the given worker's skill 
but also the local availability of re- 
placements. — Replaceability, draft 
boards have been instructed in 
amended memorandum No. 115, “is of 
paramount importance.” Even un- 
skilled labor, because of a local short- 
age, may be considered irreplaceable 
for occupational deferment purposes. 
This fact is of academic interest at 
best to readers of PRODUCT ENGINEER- 


ING, but it indicates a new and vastly 


more far-reaching basis on which oc- 
cupational deferments for any type of 
worker will be considered. 


The Japs used this automatic gun 
for antiaircraft and anti-tank defense 
before it was captured in the South- 
western Pacific area. Army Ordnance 
officers say it was no bargain, being of 
particularly inferior design and con- 
struction. They found slipshod con- 
struction and lack of protection for 


ORDNANCE DEVELOPMENT: 


Army Ordnance has finally released 
a description of its new 500-hp. med- 
ium tank engine developed jointly by 
department and civilian engineers. In 
production for more than a year, the 
engine is “new” only in public knowl- 
edge of it. 

During recent tests at Fort Knox, 
Ky., the liquid-cooled, 8-cylinder en- 
gine led all competing power plants 
in endurance tests and topped other 
engines in almost all phases of per- 
formance. Compact construction sim- 
plifies servicing and thus increases its 
popularity with the troops. Designed 
for mass production, it has been man- 
ufactured with a minimum amount 
of change in existing automotive ma- 
chinery. 

The engine’s basic specifications 
were lifted from a 12-cylinder air- 
craft engine developed as an inde- 
pendent civilian project before the 
nation was at war. Ordnance men 
joined the civilian engineers in cut- 
ting it down to eight cylinders, adding 
a clutch and flywheel and altering 


fuel, lubrication and ignition systems. 
Secondary aluminum is used for many 


its crew characteristic of most cap- 
tured Jap pieces. This gun appears 
to be generally a copy of the 40-mm. 
Bofors gun which the Ordnance De- 
partment has so drastically redesigned 
for both Army and Navy use (Prop- 
uct ENGINEERING, Jan., 1943, p. 3). 
Obvious points of similarity include 


PRODUCT ENGINEERING — SEPTEMBER. 1943 


of the parts, leaving the engine rela- 
tively light for a tank engine. 


NEW MATERIALS LIST: 


Hardwood lumber was classified as 
“insufficient for essential needs” in 
WPB’s Material Substitutions and 
Supply List when the ninth issue was 
compiled recently. Included in the 
tightening of an already critical lum- 
ber situation were most one-inch 
boards of all species of lumber. These 
went into group 1, composed of ma- 


terials whose supply is insufficient for 


essential war and industry needs, 
along with hardwoods of all sizes. 
Several lumber substitutes, includ- 
ing asphalt laminated board, asbestos 
cement sheets, granule surface insula- 


tion board and structural surface 
board, have been listed in group 3, 
composed of materials available as 
substitutes for essential materials. Re- 
garding the steel-wood supply situa- 
tion, the new issue pointed out that 


“the choice between steel and wood 


depends largely on the type of need, 
application and local conditions. How- 
ever, no relative change has occurred 








- Photo by U. S. Army Signal Corps 
the four-wheeled carriage, the four 
pedestals operated by a pneumatic or 
hydraulic system to raise it off the 
wheels and give the piece a solid base 
for firing, the coil-spring recoil mech- 
anism at the middle of the barrel and 
the cross-bar type twin sights. The 
gun is being studied by Ordnance men. 
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in the wood supply situation which 
necessitates wholesale switches back 
to steel.” This boils down to the fact 
that wood has become more and more 
unavailable, but steel is still so bad 
that the relative position of the two 
materials remains unchanged. 


Material Supplies Rated 


Bismuth, cadmium, tin, copper, zinc 
and aluminum are the most critical, 
in that order, of common non-ferrous 
metals, with aluminum regarded as 
distinctly less critical than the others. 
Basic irons and steels are ranked as 
follows: Chrome-nickel _ stainless; 
straight chrome stainless; AISI or 
SAE alloy; NE alloy; high-speed tool 
steel; low-phosphorous pig iron; al- 
loy cast iron and open hearth carbon 
steel, with the first two more critical 
than the remainder. 


Steel products rank as follows: 
Bars, 14% in. and larger; forgings, 
seamless tubing, plates, sheet and 


strip, bars, under 1% in. except rein- 
forcings; wire rope, wire products, 
except wire mesh reinforcing; cast- 
ings, tinplate, terneplate and galvan- 
ized sheet. Other steel products were 
listed in group 2, composed of mate- 


rials whose supply is in balance with 
essential demand. 

Plastics in group 1, rank as follows: 
Thermoplastic-polystyrene, polyvinyl 
alcohol, vinylidene chloride polymers, 
methacrylates and ethyl cellulose. 
Thermosetting—vulcanized fiber, phe- 
nolic laminates and phenolic molding 
materials. 

Group 2 plastics include: Thermo- 
plastic copolymers of vinyl acetate 
and vinyl chloride, cellulose nitrate, 
cellulose acetate, cellulose acetate 
butyrate and polyvinyl butyral, formal 
and chloride. Thermosetting — urea 
formaldehyde and melamine aldehyde 
plastics. 

Group 3 plastics included bitumin, 
lignin and vinsol. 


MATERIALS: 

Steel for testing purposes can be 
received in amounts up to 1,000 lb. of 
any one composition and up to 3,000 
lb. of all compositions, under an 
amendment to CMP regulation No. 1. 
This applies to all types of steel ex- 
cept stainless and tool steels and steel 
castings. 


Lumber inventories have been crit- 





ically reduced during the last six 
months according to returns from a 
WPB survey. Many yards report little 
or no stocks on hand. 


Brass and copper wire mill prod. 
ucts may be obtained by manufac. 
turers who are permitted to use them 
for civilian products from Copper Re. 
covery Corporation. Sizeable frozen 
or excess inventories are available 
through this medium, according to 
WPB's Consumer Durable Goods Divi. 
sion. Available material is in usable 
form. Copper Recovery merely puts 
purchasers in touch with holders and 
does not enter the transaction. OPA 
ceiling prices govern all sales. 


PAPER PRODUCTS TIGHTENED: 


Restrictions on the manufacture of 
paper articles, and tonnage permitted 
for many other paper products under 
M-241-a, as amended, are estimated to 
save between 250,000 and 300.000 tons 
of paper for war requirements and cer. 
tain civilian needs. Paper is being 
used for an increasing number of 
products to help relieve the shortage 
of metal and wood. 





From the island battlefields of 
the Southwest Pacific to the Ordnance 
Department's proving ground at Aber- 
deen, Md., is the last mile for this 
captured Jap field gun being hoisted 
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from the hold of a transport at San 
Francisco. This gun apparently has 
a split trail generally similar to that 
of modern U. S. artillery. The wheels 
and tires appear to be of better design 
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Photo by U. S. Army Signal Corps 
and construction than those on other 
captured Jap pieces, but the tires, iť 
rubber, are solid rather than pneu 
matic, making the gun more difficult 
to move. 
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JPA 
SOON INDUSTRY WILL BE MAKING A FRESH START in the manufacture of peacetime 

ED: goods. As each company sets itself to the task of “reconversion” it will have a rare 

e of opportunity to do a thorough housecleaning job, to rejuvenate its management meth- 

E ods, eliminate antiquated ideas, establish new concepts. A virile company will scan 

er : E i i s i 

in closely all of its departments—engineering, production and sales—with the aim of im- 

tons proving their functioning. 

cer- 

“7 In modernized companies, engineering design activities are integrated with produc- 

a tion and sales. To them the engineering department is an important factor in the 
wealth-producing divisions of the corporate structure. It pays dividends when the 
authority and responsibilities of the chief engineer are put on the same plane as those 

— of other key executives. 


As part of his job, every chief design engineer should spend considerable time “in 
the field" contacting the users of his product. From them he will learn wherein his 
product excels and, of greater importance, wherein it is deficient. Chief engineers 
should also discuss with service men the repair and upkeep problems of machines or 
products. In addition to better designs, goodwill for the company will be gained. 


Chief engineers should participate in all sales conferences wherein questions relating 
to designs are discussed or the possibilities of new lines of products are being con- 


sidered. The sales department, engineering department and customers will benefit. 


Finally, engineering and product development expenditures should be budgeted in a 
manner similar to the budgeting of advertising, sales, production, and other costs. In 
each instance the budget should be big enough to permit the chief engineer to avail 
himself of the services of consultants as needed, to attend technical meetings, to visit 
customers, to conduct a continuing product development program and to have time for 


that most intangible of all things—creative thinking. 


Now is the time to plan and establish such activities for the engineering department. 
To wait until the reconversion period is in full swing will be too late. It's time for 


cleaning out the cob-webbed thinking of a past era. 





Corps 
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Electron Tubes Available 


For Industrial Functions 


NEW scientific tool with which 

the design engineer can do 

some task easier or better is 
available through electronics. While 
many functions can best be done me- 
chanically, other tiresome, repetitious 
jobs such as counting, measuring, 
weighing, scanning, rapid and fre- 
quent switching are best handled 
through electronic applications. 

What then is electronics? Basically, 
it is a science that deals with elec- 
tricity freed from the bondage of 
wires. Under certain conditions, elec- 
trons will leave a solid, travel through 
space, and deposit their energy at 
some collection point. Flow of elec- 
trons can be started, stopped and de- 
flected easily. This flow proceeds at a 
speed approaching that of light. In 
the fractional part of an inch trav- 
eled by electrons, there is time to con- 
trol the flow with great speed and ac- 
curacy. Unlike most electric devices 
where current changes are made in 
step by step regulation, the current 
changes in electronic flow can be 
made in infinitesimally small steps. 

Various types of electronic tubes 
are available to generate and to har- 
ness this flow of electrons, and to 
regulate their action. One type of 
tube can be used as an amplifier over 
a wide range of frequency and power; 
another as an oscillator or generator 
of voltage over a wide range of fre- 
quency, power, and waveform; a dif- 
ferent design as a trigger or relay 
circuit or switch; some other as a 
modulator or demodulator to com- 
bine or separate two or more fre- 
quencies; a special type as a meas- 
uring instrument, indicator or com- 
parator; others as a rectifier or in- 
verter over a very wide range of 
frequencies, currents, or power; one 
family of tubes as a frequency con- 
verter to change from one frequency 
to another; cathode-ray tubes serve as 
a visual indicator or image forming 
device. 

The basic electron tube consists of 
three parts, the cathode or emitter 
from which the electrons flow; anode 
or plate on which the electrical 
charges are collected; and a glass or 
metallic envelope or housing in which 
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Summary of the special tubes that have been designed to enable 
electrons to perform some special function such as amplification, 


power conversion, switch control, 


or change of frequency. The 


common forms of tubes used industrially are described and the 
principles of their operation explained. 
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DIAGRAMS OF CROSS-SECTIONS OF ELECTROpMUBE: 
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When heat is applied to the 
rod or cathode, electrons are 
driven out into space, and if 
the plate or anode has a posi- 
tive potential, speed to the plate 


the cathode and the anode are in- 
serted. 

Before it is possible for electrons in 
large numbers to break away from the 
surface of a cathode or emitter, some 
outside energy must be applied. This 
is accomplished chiefly by heating the 
cathode to release the electrons, a re- 
action called thermionic emission. In 
photoelectric tubes, the light falling 
on the metal surface in the tube fur- 
nishes the energy to release the un- 
bound electrons. 

Release of electrons by thermionic 
emission is analogous to the heating 
of water. As long as no heat is ap- 
plied, there is no boiling of the water. 
When heat is applied, small particles 
of water break away from the surface 
in the form of steam and hover over 
the water as a steam cloud. When elec- 
trons are emitted from a metallic sur- 


spaces 


By adding a grid circuit, the tube 
has a grid (valve) which can 
regulate the electron flow. There 
can be gradual or instantaneous 
control from full to no flow 


face they hover in space around the 
emitter unless attracted to another sur- 
face. In electron tubes, the other sur- 
face is the anode plate. 

To obtain thermionic emission, 4 
cathode can be heated directly or in- 
directly. A directly heated filament 
cathode is a wire that is heated by 
the passage of an outside electrical 
current. Usually a heating filament is 
a tungsten wire which must operate 
for best efficiency at a white, dazzling 
heat. By coating the wire with a layer 
of thorium or oxides of barium and 
strontium, the emitter functions at a 
much lower temperature. Pure tung: 
sten wire is used in tubes for carry- 
ing large voltages, and wires coated 
with barium-strontium oxides are used 
in the smaller tubes. 

Where the cathode is heated indi- 
rectly, the heater wire is made from 
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tungsten or a tungsten alloy and it is 
insulated from a thin metal sleeve 
that surrounds the wire. This sleeve is 
coated with some electron-emitting ma- 
terial. Useful emission in such tubes 
takes place from the heated sleeve, 
rather than the wire. Proper heating 
of the cathode is most important. The 
more heat, the larger the amount of 
electrons that are free, but if the heat 
is too great, the life of the cathode is 
reduced. 

e The housing or envelope which sur- 
rounds the electrodes is commonly 
made of glass although metal is used 
for some types. Air inside this envel- 
ope may be evacuated to form a high 
degree vacuum, or the air can be re- 
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ube Inserting a new elecrode or 
can | screen around the grid provides 
ere | a new force which helps speed 
ous the flow of electrons from cath- 
low ode to the collecting anode 


the moved and replaced with an inert gas 
ur- so that a gas-filled tube results. Each 
ur- has its special application. 


Electrons flow from the cathode, 
a and are attracted to the anode which 
in. | has a positive voltage potential. 
ent Should the anode become negative, 
by [is flow of electrons stops. For that 
cal reason, when the basic two electrode 
tis [tube is used with alternating current, 
ate [te tube will pass current flowing in 
ing one direction only, and serves as a 


yer half-wave converter from alternating 
ind current to direct current. Special tube 
ta combinations permit full-wave rectifi- 
ng cation. 
ry- Therefore, a high vacuum tube may 
ted be regarded generally as a one-way 
sed device for all frequencies, and a 
means for converting from a.c. to d.c. 
di- A gas-filled tube functions or “fires” 
om ke a trigger. This characteristic 


makes the tube suitable for use as a 
single pole, single throw switch. 

In the basic two-element or diode 
tube there is no control of the elec- 
trons once the flow has started. This 
was overcome by addition of a control 
electrode termed a grid. It is analo- 
gous to a valve in a water pipe which 
regulates the water flow. This grid is 
in the space between the cathode and 
anode and consists of several coils 
of wire wound around the cathode to 
permit ample space for the electrons 
to travel from cathode to anode. The 
grid, plate and cathode form a three- 
electrode or triode-type tube. 

With the triode tube, when the 
potential on the grid becomes more 
and more negative as compared to the 
cathode, decreasing amounts of elec- 
trons flow past the grid to the plate. 
Conversely, as the grid becomes less 
negative, its ability to attract electrons 
is reduced and more electrons flow to 
the plate. The grid serves as a valve 
in the cathode-plate flow line. 

A small change in signal grid volt- 
age results in a change in the plate 
current of the tube. Magnitude of 
the plate current is determined by the 
factors known as amplification factor 
and internal plate resistance. If a 
resistance or load is placed on the 
external plate circuit of the tube, a 
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pacitance between each pair of elec- 
trode as that measured from grid to 
plate, plate and cathode, and grid 
and cathode. These capacitances, par- 
ticularly the grid-plate capacitance, 
are capable of producing certain un- 
desirable effects of which instability 
in amplifying circuits is the most ob- 
jectionable. 

As a means of cutting down the ¢a- 
pacitance that would exist between the 
grid and the plate, another electrode 
termed a screen, is added. This is a 
coil of wire that is placed around the 
control grid. The screen also makes 
plate current practically independent 
of plate voltage over a certain range. 
It acts as an electrostatic force to pull 
electrons from the cathode to the 
plate, and as the screen shields the 
electrons between the cathode and the 
screen, the plate exerts little electro- 
static force on the electrons near the 
cathode. 

Plate current of a tetrode vacuum 
tube is mainly independent of plate 
voltage. It is possible to obtain much 
higher amplification with a tetrode 
(screen-grid) or four-electrode tube 
than a triode. 

Another family group of tubes is 
the pentode (five electrodes) which 
has a fifth electrode placed between 
the screen and the plate in order to 


grid 


Elemental forms of thermionic vacuum tubes; 
left to right, diode, triode, tetrode, and pentode 


varying voltage drop will exist across 
it. This results in voltage amplifi- 
cation. 

Triode tubes have many applica- 
tions. They can be used for an ampli- 
fier, or they can serve to pass current 
when given a signal through the grid 
circuit. With proper cam action on a 
machine, current can be passed for a 
definite part of a mechanism cycle. 

A triode tube with its cathode, grid, 
and plate may be considered as a 
small condenser with each electrode 
serving as a plate. Thus there is ca- 
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control better the movement of elec- 
trons within the tube. The fifth elec- 
trode is the supressor. In power-out- 
put applications, this tube permits 
higher power output to be obtained. 

The thermionic tubes described can 
be of the vacuum type or they may 
be gas-filled tubes. Both groups may 
have one or more grid structures and 
contain a cathode and an anode. 
However, the characteristics of the 
two are different. 

In gas-flled tubes, electrons flow- 
ing from the cathode to plate ionize 
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molecules of gas which they contact. 
New electrons form, join the flow of 
electrons to the plate and increase 
the external current. As the anode 
voltage is raised, more electrons are 
drawn to the plate and more oppor- 
tunities are afforded for bombarding 
molecules of gas. 

There will be a flow of current as 
long as the plate voltage remains 
positive. Some point will be reached 
at which the current will increase 
sharply without further increase in 
plate voltage. At this point, the flow 
of current is limited only by the re- 
sistance of the external circuit. If 
the tube has a control grid, the com- 
plete ionization in the tube can be 
prevented if the grid voltage is com- 
pletely negative with respect to the 
cathode. Electrons cannot flow from 
the cathode to anode. However, if 
the grid is slowly made more positive 
in potential, that is less negative, a 
point will be reached at which com- 
plete ionization of the gas will occur, 
but this will be at a voltage consid- 
erably lower than if applied to the 
anode. 

The change results in a sudden 
change of anode current. Once the 
potential at which ionization occurs 
has been reached, the flow of anode 
current will not be stopped by again 
making the grid potential negative. 
The anode current may be reduced to 
zero only by opening the anode cir- 
cuit, that is, by removing positive 
voltage from the plate. 

A gas-filled triode tube permits a 
higher anode current than a similar 
type vacuum tube. This is one reason 
why the gas-filled tubes are largely 
used in industrial applications. When 
conducting current, the voltage drop 
between cathode and anode in gas- 
filled tubes is much lower than in a 
vacuum tube. While very large cur- 
rents can be carried in vacuum tubes, 
it can only be accomplished at volt- 
ages so high that costly element struc- 
tures are necessary. 

Once electron flow starts in gas- 
filled tubes, there is no control. Tubes 
either conduct or they do not. No 
smooth instantaneous control of cur- 
rent from zero to maximum value is 
possible. When operating, current 
output is limited only by ability of 
cathode to supply electrons, and the 
voltage drop across the tube is inde- 
pendent of current taken from the 
tube. 


The diode form of gas-filled tube 
is termed the phanatron, and the 
vacuum type the kenotron. Gas-filled 
three or four-electrode tubes are 


called thyratrons and have many in- 
dustrial uses. 
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Low power thyratrons are enclosed 
in glass while the higher power tubes 
of this class have water cooled metal 
envelopes. 

The phanatron is used for rectifi- 
cation, and the thyratrons for con- 
trolled rectification in a variety of 
relay and power transformation cir- 
cuits. 

The trigger action surge of current 
from a thyratron, makes it possible 
for the current flow from such tubes 
to operate directly a magnetic relay 
without further amplification of cur- 
rent. It can serve as an inverter to 
change d.c. to a.c. or be made to fire 
during some particular part of an 
a.c. cycle. 

Another important tube of the gas- 
filled type is the ignitron. It is virtu- 
ally an application of the familiar 
Cooper-Hewitt lamp. Emission of 
electrons is obtained from a pool of 
liquid mercury which requires no 
heating time. It can emit electrons 
at once, an advantage over the ther- 
mionic tube. The ignitron tube has 
an almost unlimited overload capac- 
ity. Cathode spots form in numbers 
necessary to supply the electron emis- 
sion required. In contrast, an over- 
load in a thermionic tube would cause 
a breakdown of the oxide coating of 
the heater. 

The ignitron is controlled by the 
ignitor electrode, a high resistance 
refractory electrode. The tip is im- 
mersed in mercury. Surface tension 
of the mercury causes a very small 
separation between rod and mercury 
below the surface of the pool. When 
starting voltage is applied from an 
outside circuit to the ignitor, an arc 
is formed. This cathode spot, minute 
at first, increases in size and rises to 
the surface of the pool. Only 50 mi- 
croseconds are required by the ignitor 
electrode to produce the arc. Starting 
voltage can be from 100-250 volts and 
the current from 3-40 amps. 

Should the anode be positive at 
the time the arc starts, electrons flow 
from cathode to anode until the anode 
voltage is reduced to the point of ex- 
tinction. 

Most ignitrons are water cooled, for 
a typical ignitron has a current capac- 
ity four times greater with forced 
cooling than with cooling based on 
ordinary convection. 

Ignitrons are used largely in weld- 
ing. This tube makes it possible to 
control the flow of large currents for 
a definite cycle time. The ignitron 
principle is used also for large recti- 
fiers, a comimon European practice 
which is finding favor here. It is 
rapidly replacing motor-generator 
sets and synchronous converters. Two 





ignitrons make possible full-wave ree. 
tification, one tube rectifying each half 
of a wave. While rectification can be 
performed by other tubes. ignitrons 
can handle heavier currents and are 
not damaged by overloads. 

Some tubes may be used to generate 
a.c. from d.c. Tubes in such service 
are termed oscillators, generators, or 
invertors. Alternating current of prac- 
tically any frequency or power can 
be produced by feeding back part of 
the output from the tube into the in. 
put in the proper phase. This type of 
tube service and its applications will 
be discussed more fully in a later 
article. 

An important group of electron 
tubes are those which convert light 
into electrical energy, or which be- 
cause of light acting on the tube, 
changes the resistance within the 
tube so that a flow of current can 
be varied from an external source. 
The public is more familiar with the 
applications of this family of tubes 
than with any other kind. for some 
applications have been given wide 
publicity in newspapers. 

When used to operate a relay. it 
has applications in packaging, weigh- 
ing, safety control for presses, and 
hundreds of other applications. The 
color sensitive feature is employed in 
metallurgical work, or in matching 
colors in textile work or paint mixing. 

Photosensitive tubes can be grouped 
into three distinct classes—photo- 
emissive, photovoltaic and photocon- 
ductive. In the true sense of the 
definition of electronics, which is the 
flow of electrons in a vacuum or a gas- 
fillld space, only the photoemissive 
tube may be considered as being an 
electron tube. 

Photoemissive tubes, more com: 
monly called phototubes. contain a 
metal cathode of hemi-cylindrical 
shape, and an anode which consists 
of a wire. The glass envelope in which 
these two are placed can be evacuated, 
or can be filled with some inert gas. 

Whether the tube is sensitive to the 
amount of light falling on the tube, 
or to some color quality of the light 
spectrum, is determined by the type 
cathode in the tube. The cathode coat: 
ing that results in the greatest sensi 
tivity is a combination of caesium 
oxide on silver. 

Some cathodes have the best re 
sponse in the red and infrared regions 
while others respond well to the ultra 
violet region. As short light rays are 
absorbed in passing through the ordi- 
nary glass of a tube, tubes that are 
to have a high sensitivity in the ultra- 
violet regions are provided with 4 
window of special glass or of quartz 
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Westinghouse Electric € Mfg. Co. 


Any spot that is out of balance on this rotor while running at normal speed can 
be detected by this dynetric balancing machine based on electronic circuits. The 
exact location and amount of corrective mass necessary to eliminate vibration can 
readily be determined. Unbalance can easily be detected in aircraft crankshafts, 
propeller blades, fans, armatures and other rotating parts 


Bombardment of gas particles with 
electrons in gas-filled tubes, produces 
more free electrons. Therefore, a gas 
filled phototube is much more sensi- 
tive than the vacuum type, but the 
tube characteristics are not so con- 
stant. Excess voltage should not be 
applied to gas-filled tubes as electron 
regeneration can be started. 

Current delivered by a phototube is 
too small to be used directly and must 
be amplified by another tube to make 
the current large enough to operate a 
relay. 

This amplification of current by 
eutside means is avoided with the use 
of a photovoltaic cell, which under 
fairly intense illumination can directly 
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operate relays. However, such cells 
are sluggish in action. 

Photovoltaic cells operate on the 
principle that when two metal elec- 
trodes are immersed in a solution of 
the salts of the electrode material, an 
equal and opposite potential is set up 
between the electrodes and the solu- 
tion. Illumination of one electrode re- 
leases electrons which flow into the 
electrolyte. A potential difference be- 
tween the electrodes results. 

A common type of photoconductive 
cell is the barrier layer commonly 
used in portable photographic expo- 
sure and light meters. Although fun- 
damentally this is not an electron 
tube, this cell is grouped in the gen- 
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eral classification of photoelectric de- 
vices. 

This cell is a low impedance circuit 
element and requires no external 
source of voltage for operation. It di- 
rectly converts radiant energy into 
electrical energy. Output voltage is so 
small that it is measured in milivolts. 
It cannot be conveniently amplified 
through the use of electron tubes 
designed for such a purpose. The re- 
sponse of many cells of this type to 
color comes closer to that of the hu- 
man eye. than do other types of tubes. 

Two forms of specialized electron 
tubes, both used industrially, are the 
cathode ray tube and the X-ray tube. 

Basically, the cathode-ray tube is 
a device for making visible the flow 
of electrons from cathode, as they 
strike the fluorescent screen at the end 
of the tube. Most uses of the tube are 
confined to laboratory work, but there 
is increasing application in their use 
for factory tests, inspection and main- 
tenance. Applications include visible 
measurement of voltage or current, 
study of noise in engines, or the study 
of rectifier characteristics. 

The tube consists of an evacuated 
glass envelope in which there is a 
cathode for producing the electrons, a 
grid for varying the intensity of this 
beam of electrons, a first anode which 
has a positive potential with respect 
to the cathode designed to focus the 
spot of electrons on the screen, a 
second anode also positive with re- 
spect to the cathode for accelerating 
the electron flow from the cathode, 
and usually two sets of deflection 
plates at right angles to one another. 

In the electromagnetically-deflected 
cathode ray tube, the electron beam 
is swerved by horizontal and vertical 
deflection coils rather than by electro- 
static deflection plates. In such a tube, 
the degree of deflection of the beam 
depends upon the current through the 
deflecting coil. 

X-ray tubes are of the thermionic or 
heated cathode variety. The anode of 
this tube is bombarded heavily by 
electrons with large amounts of ki- 
netic energy. This energy is dissipated 
on the target in the form of heat. It 
is therefore important to provide cool- 
ing water for the target or anode. 

These tubes, at first largely used in 
medical and surgical work, are being 
used more frequently for inspection 
of steel and other opaque material. 

The tubes described are used in 
devices designed for industrial appli- 
cations. Many other types of tubes 
are available including special tubes 
used in television, radio reception and 
transmission, and in small amplifica- 
tion devices. 
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(A) Straight Channels 


Sheet Metal Shapes 
Classified 


As to Formability —I 


LEON D. DAME 


Research Engineer, Lockheed Aircraft Corporation 


(B) Curved Channels 


(C) Smoothly Contoured Parts 


(D) Drawn Cups and Boxes 


Fig. 1—Typical sheet metal formed parts that serve as a basis for classification 


Sheet metal parts are segregated into several classes according 
to their respective formed shapes. Each classification is defined 


to distinguish one type of part from another. Especial reference 
is made to parts that can be formed on double or triple-acting 
presses. Materials, dies and lubricants are discussed briefly. 


ANY kinds of aircraft sheet 
metal parts have been de- 
signed without a clear con- 


ception of exactly what difficulties 
would be encountered in the forming 
operations, probably because the de- 
signer did not know exactly how the 
part was to be formed, and conse- 
quently, just where the forming limits 
of the material would be exceeded. 
Often after a design was issued it was 
necessary to make costly changes to 
produce a satisfactory part. The ap- 
parent solution to such a problem 
seems to be in designing efficient parts 
that wil require a minimum of 
changes because of forming difficulties. 

The easiest way to begin to design 
effectively would be to recognize for- 
mer mistakes, and prevent their repe- 
tition. This makes it necessary to 
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compare the poor and good forming 
characteristics of the proposed part 
with those of similar ones made in the 
past. It follows logically that an easy 
method of referring to this informa- 
tion is desirable. If all kinds of sheet 
metal parts were separated so that the 
information gained in the past was 
readily available, much would be ac- 
complished to assure the successful 
production of future parts. 

An apparent method of segregation 
would be to place all similar shapes 
together. In nearly every instance the 
shape of the formed part differs from 
the finished one because of trimming 
and other operations after forming. 
Because the information obtained is 
from parts in their formed shape, it is 
necessary to use the formed shape for 
their classification, if knowledge of 





Fig. 2—Channels that can be formed by 
bending the flanges along a straight or 
slightly curved line 


metal forming is to be applied. When 
the parts are being separated accord- 
ing to their formed shapes it follows 
quite naturally that each class should 
be defined in the same manner. After 
this has been done, an examination of 
each group will show that nearly all of 
the parts in each group are formed in 
very, much the same way. By modify- 
ing the definitions slightly, the per- 
centage formed in the same manner 
can be increased. By this procedure, 
the maximum forming limits for every 
material for each kind of forming can 
be applied to each respective group. 
As the knowledge of metal forming 
becomes more complete, each general 
classification can be subdivided and 
difficulties in each subdivision recog 
nized and eliminated. 

Realizing the benefits that would 
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Strain distribution flange. 


Fig. 4—Double-acting die 
used to form slightly 
curved channel shaped 
parts gives clamping 
action 


Dotted lines represent 


blank partially 
formed 


accrue from such procedure, a project 
was begun by observing parts as they 
were being formed and recording as 
much pertinent data as possible con- 
cerning each one. The data consisted 
of: Part name as given on the blue- 
print; part number; material and size 
of blank; quantity of parts; sketch 
showing die set up; forming pres- 
sures; lubricant; sketch showing part 
with its formed dimensions and values 
of the ratio of corner radius r to the 
blank radius R for drawn parts, or 
percent maximum strain for bent or 
stretched parts; illustrations of diff- 
culties encountered such as wrinkling, 
puckering and tearing; also com- 
ments stating procedure and explana- 
tion of difficulties encountered in form- 
ing and their solution if any. 

After recordings were made of the 
first 50 parts, the general classes of 
shapes began to be apparent. As the 
project continued, many more data 
sheets were added. After arranging 
the sheets as nearly as possible in an 
order such that slight changes in a 
series of parts were progressive, there 
were several well defined breaks in 
continuity, or five separate shapes in 
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Fig. 3—(A) Channel with slightly curved flange 
formed by simple shrinking. (B) Channel with 
slightly curved shrink flange formed by clamp- 
ing bottom of surface to shift neutral plane. 
Note increase in compressive strain in the ex. 


(A) treme fiber of the curved flange 


Neutral plane lowered 


to bottom of parta E 
X 


4 


the classification: (1) Straight chan- 
nels, (2) curved channels, (3) 


smoothly contoured parts, (4) drawn 
cups and boxes, and (5) miscellane- 
ous parts. Fig. 1 shows a typical part 
of each of the first four classes. 


STRAIGHT CHANNELS were defined as 


those which can be formed from sheet 
metal by merely bending flanges in 
the sheet along a straight or very 
slightly curved line. In order to keep 
the general shape of the parts in this 
group as nearly alike as possible, the 
degree of curvature was arbitrarily 
fixed so that the stretch or shrink in 
any flange was less than two percent. 
This means that the ends of the chan- 
nel are open; or cutouts made in such 
a way that shrinking or stretching in 
the flange will be less than the re- 
quired two percent. This definition 
limits this group to parts, like those 
shown in Fig. 2, which can be formed 
almost entirely by bending. 

This type of part can be formed on 
the power brake, except when there 
are complications such as joggles or 
beads, in which event the part is usu- 
ally formed with rubber on a single- 
acting press. However, when the chan- 
nel has a shrink or stretch flange of 
slight curvature as shown in Fig. 3 
(A), as permitted by the definition, 
difficulties with spring-back usually oc- 
cur because in simple shrinking the 
tensile or compressive elongations in 
the flange are so slight that they do 
not exceed the elastic limit of the 
material sufficiently to produce the 
necessary permanent set. 

Spring-back can be overcome in 


spring-back. 










P d 
" (B) 


“-Strain distribution in flange 


forming by artificially shifting the 
neutral axis (or plane of zero defor- 


mation) in such a manner that the 
extreme fibers are given a greater 
deformation and thus obtain a perma- 
nent set which is sufficient to give the 


desired shape of part. This can be 
done in a single-acting press by clamp- 
ing the part on top or bottom, using 
a stack of rubber. By this means the 


neutral axis can be made to occur at 
or close to the clamped edge as shown 


ing Fig. 3 (B). The entire necessary 
deformation can thus be caused to oc- 
cur as tension or compression in the 
remainder of the part, thus causing 
strains in the fibers which are further 
in the plastic range and so minimize 
The clamping action, 
causing shift of the neutral axis, can 


also be accomplished by the use of 
the double-acting press as shown in 
Fig. 4. A similar technique has been 
developed for the drep hammer, using 
sheets of rubber to produce the neces- 
sary clamping action. 

Lubrication of channels of the 
straight type during forming does not 
seem to present much of a problem. 
Nearly all of the existing commercial 
lubricants have proved satisfactory. 
Several attempts have been made to 
use a material that would eliminate 
scratching and allow the part to be 
formed clean to eliminate a washing 
operation. Ordinary brown wrapping 
paper produced satisfactory results, 
but it is cumbersome to use. Several 
other materials, such as cellophane 
and brown fibreboard, have been sug- 
gested or used at other plants. 

Straight channels have been success- 
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fully formed in ST aluminum alloy or 
full hard stainless steel material in 
the light gages, even where slight 
shrink or stretch flanges are present. 
In the heavy gages, spring-back diffi- 
culties are likely to occur. SO or SW 
material apparently can be formed 
readily in all gages. However, it was 
not until recently that double-acting 
presses were used with clamping type 
dies to form parts with shrink or 
stretch flanges as described. The 
other common aluminum alloys seem 
to form satisfactorily, but examples of 
all cases have not been observed. 
Curvep CHANNELS. As might be ex- 
pected, the curved channel classifica- 
tion is an evolution of the straight 
channel. By definition this class of 
channel, see Fig. 5, is formed from 
sheet metal so that the flanges result- 
ing from the curved bend are stretched 
or compressed more than two percent. 
Although the shape of the part is not 
decidedly different from that of the 
straight channel, the methods of form- 
ing differ. This is the principal reason 
why a distinction should be made be- 
tween the two shapes. 





ing is the critical factor, and this in 
turn is a function of the radius of the 
channel, the channel depth, the metal 
thickness and the physical character- 
istics of the material. 

The capacity of a particular alloy 
for shrinking is a function of the tan- 
gent compression modulus and the 
compressive stress. The various alumi- 
num alloys have been evaluated by 
these two factors in the order of their 
relative “shrinkability” for an elonga- 
tion of four percent. These data are 
presented in “Elastic Theory in Sheet 
Metal Forming Problems,” F. R. Shan- 
ley, Journal of Aeronautical Sciences, 
Vol. 9, July, 1942, p. 313. 

Drop hammer forming of this class 
of part is often possible, but in the 
majority of cases it is necessary to 
use a number of strokes, or even mul- 
tistage dies. These complications are 
not usually necessary when the part is 
formed in the double-acting or triple- 
acting press. 

A new type of double-acting die has 
been developed recently for forming 
curved channels with stretch flanges. 
This type of die clamps the blank 


Fig. 5—Type of channel which is formed so that the flanges resulting from 
the curved bend are stretched or compressed more than two percent 


Parts of the curved channel type 
can be formed successfully using a 
single-acting die if the flanges are to 
be stretched in such a manner that the 
maximum elongation occurs in the 
outer fiber at the open side of the 
channel; or if the flanges are to be 
compressed by an amount not suff- 
cient to cause buckling. If compres- 
sive strains are too great for forming 
in a single-acting die, then a double- 
acting die is used— either a “push 
through” die or a draw die having a 
hold-down ring. The line of demarca- 
tion between the conditions requiring 
the use of a single-acting die, and 
those requiring a double-acting die. 
has not been clearly determined. 
However, it has been established that 
buckling of the material during form- 
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Fig. 6—Stages in progressive 
stretching. (A) Punch stretches 
blank by first forming the ends 
of channel. Forming diminish-s 
progressively to nothing at the 
center of part. (B) Part com. 
pletely formed by the contin- 
uing motion of the punch 





along the center portion and progres. 
sively stretches the flange as indicated 
in Fig. 6. The stretching is begun at 
the ends of the channels. Before the 
punch has traveled far, the ends of 
the channel are completely formed as 
shown in Fig. 6 (4), while the degree 
of forming diminishes progressively 
to nothing at the center. After the 
end has been formed completely, the 
adjacent element toward the center is 
completely formed by the continuing 
motion of the punch. This process 
continues until the part is finished 
with the forming of the central por- 
tion, see Fig. 6 (B). This particular 
kind of stretching apparently reduces 
considerably the amount of breakage, 
by taking advantage of the capacity 
of the material for high local elonga- 
tions. It has been observed that 80 
parts formed in this manner have been 
capable of receiving 23 percent over- 
all elongation with less than one per- 
cent breakage; whereas a similar part 
formed by conventional procedure, 
that is, simultaneous stretching of all 
portions of the flange, would be very 
difficult, if not impossible, to form. 
This indicates that more study should 
be made of the possibilities of this 
*progressive" type of forming. 
Shaping the curved channel type of 
part involves no severe forming char- 


acteristics of a nature such that suc- , 


cess depends on the use of a good 
lubricant. For the stretch dies, any 
compound that can be used for lubri- 
cation during drop hammer forming 
is adequate. The use of a draw ring 
usually indicates that the forming 
might be severe, but in this case the 
drawing action is not great and there- 
fore there is no need for a special 
lubricant. The lubricants for the 
single-acting dies are the same as 
those for straight channels. 
Channels of the curved type are 
most readily formed of annealed ma- 
terial (SO), but warpage resulting 
from subsequent heat-treatment makes 
it desirable to form from the heat- 
treated material (ST) where possible. 
However, forming difficulties increase 
considerably with the use of the high 
yield strength material. But for most 
curved channels, the required defor- 
mations are within the limits suitable 
for ST material. To date, few curved 
channels have been converted to ST 
material. Several typical parts have 
been successfully formed of this 
material which indicates that further 
investigation would be worthwhile. 
The forming of smoothly contoured 
parts, drawn cups and boxes, and mis- 
cellaneous parts will be discussed in 
Part II, which will be presented in the 
next issue of PRODUCT ENGINEERING. 
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Redesign of Parts to Conserve 
Materials, Machines and Manpower 


J. H. STAAK 
Fractional Horsepower Motor Section 


Fort Wayne Works, General Electric Company 


A philosophy is presented by which the redesign of parts to meet 
wartime demands is reduced to a systematic procedure. The 
author shows how every such problem can be covered completely 
by a thorough analysis of five possibilities. Specific examples are 
given to illustrate each of the procedures described. It is empha- 
sized that such redesigning should be a continuing activity. 


UCH has been done in the 

conservation and utilization 

of critical materials. This 
activity must be continued indefinitely 
and much still remains to be done if 
industry is to maintain the present 
high level of war production. De- 
signs of products must be re-examined 
continuously with an eye to the high- 
est possible utilization of materials, 
machines and manpower. Every pound 
of material that can be kept from the 
scrap piles saves many hours of re- 
work at the mills as well as a great 
deal of machine-hours and labor to 
reconvert the raw material to a semi- 
finished state useful to our production 
lines. 

There are many items still being 
made of critical materials. Some of 
the production machines, such as 
forging presses and screw machines, 
have more work before them than 
they can do. Thus, designers still face 
the problem of both converting to the 
use of more readily obtainable mate- 
tials and redesigning so that the parts 
can be made on production equip- 
ment that is more readily available. In 
addition to all this, the designer must 
keep in mind that man-hours are also 
critical and must be conserved to the 
utmost. 

In an effort to cope with these prob- 
lems effectively, the Fort Wayne Works 
of the General Electric Company 
some time ago established a program 
wherein each item and operation in 
the manufacture of fractional-horse- 
power motors was subjected to the 
following investigations to determine 
if the part could be redesigned: 

(1) To be made of an alternate ma- 
terial more readily available in order 
lo conserve critical materials. 


(2) So as to use a smaller amount 
of the critical material without im- 
pairing strength or performance. 

(3) As an assembly of elements to 
conserve materials, machines, and 
man-hours. 

(4) For manufacture on equipment 
more readily available. 

(5) To reduce final assembly time. 

Because screw machines were the 
most critical manufacturing equip- 
ment, the investigation was begun by 
selecting for study parts made on 
screw machines. These investigations 
were followed by analyses of the de- 
sign of parts that required other pro- 
duction equipment for their manu- 
facture. 


Use of Alternate Materials 


In making the first of the enumer- 
ated investigations, a study of each 
item was made to determine the pos- 
sibility of using an alternate mate- 
rial without affecting in any way the 
performance or functional quality of 
the device or reducing its mechanical 


strength. In no case have replacements 
been made where they might be detri- 
mental to the quality of the product. 
As a result of investigations it was 
frequently found that use of alternates 
proved feasible despite higher costs. 
On the other hand, many changes 
such as the use of steel instead of 
copper or brass, steel or plastics in- 
stead of aluminum, and copper-coated 
materials to replace stainless steels, 
not only were found effective for con- 
serving the more critical materials but 
in many instances resulted in im- 
proved quality and lower costs. 

As an example of the complete sub- 
stitution of a less critical material 
electric brake housings and solenoids 
of certain designs often have disks 
for retaining the coils. To avoid bridg- 
ing the magnetic circuit the disks are 
made of copper or brass. Any non- 
ferrous material, because such mate- 
rials are not magnetic conductors, 
would serve equally well for this pur- 
pose if it has sufficient strength. 
Thus, these retaining washers were 
readily replaced by sheet zinc or plas- 
tic board without any fear that the 
quality was impaired. Thousands of 
pounds of copper and brass were 
saved on this relatively insignificant 
part. 

Many parts, such as gears, electric 
tool housings, and fans, have been re- 
designed io be made of plastics, 
thereby saving copper, brass, alum- 





These pressings for base and brush mechanisms were made by "hot squeezing." 
The parts have high tensile strength, excellent finish, material utilization is good, 
and critical machine-hours are conserved. Rejection percentage is low 
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Fabrication of the handwheel and fan hub in two parts saves materials and screw 
machine time. The redesign fulfills the purpose better than the original 


inum or steel of which these parts 
were formerly made. A great number 
of these redesigns will be retained in- 
definitely because of improved quality 
in the part as compared with the 
original design. 

The substitutions described are 
perhaps the most common type and 
are highly effective in the savings of 
materials. Such substitutions made on 
only a few items similar to those men- 
tioned above, have permitted the Fort 
Wayne Works of the General Electric 
Company to replace 63,000 lb. of cop- 
per and brass with about 40,000 lb. 


of less critical materials. 


Using Smaller Amount 
of Material 


The second procedure enumerated 
—that of using less material without 
impairing strength or performance— 
offers two general avenues of approach 
for solution of such problems. The 
first of these comes readily to mind, 
namely, to make the part smaller. 
The second is to redesign the part for 
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more effective use of the raw material 
to minimize scrap in the manufactur- 
ing operations. 

A third angle of approach to this 
problem is analysis of the reasons for 
specifying use of the critical material 
involved. In this type of analysis, the 
engineer first determines the essential 
guality which compelled the use of 
that particular material. Secondly, he 
must determine how much of the ma- 
terial is necessary to fulfill the specific 
requirement that dictated its use. 

As an example, a material may be 
specified primarily because of its cor- 
rosion-resistant properties. Usually 
such an application merely requires 
that a surface layer of the material 
possess the necessary corrosion resis- 
tance. The balance of the material is 
needed to furnish other necessary re- 
quirements such as strength and stiff- 
ness. A common example of the solu- 
tion of such a problem is the use of 
stainless clad carbon steel sheets. 

In the design of electric motors and 
generators, the rotating member often 
has brass or copper banding rings for 


Redesign of this brake housing effects marked savings in material and critical machines. The housing parts are shown assembled 
and disassembled. Punching and two pieces of tubing are used in the redesign and assembled by brazing in a reduced atmosphere 
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the sole purpose of making it possible 
to apply drops of solder to balance the 


unit dynamically. Any material with a" 


surface coating that would be a sat. 
isfactory base for solder can be used 
in place of the valuable and scarce 
copper or brass. There is available a 
"lead-coat" steel which serves this 
purpose well. 

The use of lead-coat steel has con. 
served thousands of pounds of copper 
and has reduced the weight of ma. 
terial required by about 60 percent, 
This latter saving is made possible 
by the greater tensile strength oí 
steel as compared to brass or copper, 
The added tensile strength permits 4 
thinner section to be used. This saves 
weight and gives the additional advan. 
tage of making available, without any 
changes in diameters, a greater radial 
space for the balancing solder. I 
short, the lead-coat steel actually does 
a better job than the more critical 
material formerly used. 

This same. principle for the conser. 
vation of materials has been used also 
in analyzing the heavy housings which 
must be provided in certain types of 
electric motor equipment. The heaw 
housings must withstand the shock 
and abuse to which the equipment 
may be subjected in actual service. li 
made of steel, the desired electrical 
characteristics of the mechanisms 
mounted in the housing are altered 
because of the establishment of 
parallel magnetic circuits through 
the steel. 

The most obvious cure is to provide 
copper or brass shells, which are nor 
magnetic, in place of the steel shells 
On the other hand, only a thin layer 
of non-magnetic material is needed to 
provide a “magnetic barrier,” which 
prevents parallel magnetic circuit: 
Hence, the solution to the problem i 
to use a bimetal sheet, brass or cop 
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per on steel, wherein the thickness of 
the non-magnetic material, brass or 
copper, is only a small proportion of 
the total thickness, the necessary 
strength being provided by the rela- 
tively heavy steel sheet. In one rede- 
sign, the replacement of brass with a 
bimetal resulted in a saving of 6 lb. 
of brass per unit. 

The second method of reducing the 
amount of material required per unit 
is to design the part for production by 
a process which will minimize scrap. 

Until recent years, the design engi- 
neer usually did not specify how the 
part should be made, he being inter- 
ested primarily in designing the part 
to meet limiting dimensions and phys- 
ical properties required. Now, how- 
ever, it is highly desirable for the de- 
signer to give considerable thought to 
the manufacturing process that might 
be used. 

As an example of the relation be- 
tween manufacturing processes used 
and the amount of scrap produced, 
brass disks are commonly mounted 
on the shaft of rotating electrical 
equipment. One of these disks is 
pressed on each end of the rotor. In 
the balancing operation, holes are 
drilled in the disk in order to remove 
material to balance the rotor dynam- 
ically. 

Usually the brass disk is cut from 
bar stock on a screw machine. The 
material utilized for the disk does not 
exceed 35 or 40 percent of the bar 
stock. Therefore, several times the 
weight of the completed part would 
be cut from the bar and scrapped. 

In analyzing the design of this part 
it is obvious that it can be made not 
only as a screw machine product, but 
also as a forging, a casting or a 
powered metal part. The manufactur- 
ing process to be selected will be de- 
termined by the production method 
which gives the utmost in all the de- 
sired characteristics of the part with 
the proper consideration of the mate- 
rials used, manufacturing costs, and 
machine utilization. 

If the part were made as a pow- 
dered metal pressing, the material 
utilization would approximate 100 
percent. This production method is 
excellent for making many small and 
intricate parts. It offers the advantage 
of almost total utilization of the raw 
material and is an economical produc- 
tion method especially where intricate 
and time-consuming machining opera- 
tions would otherwise be required. 
Close tolerances are obtainable. In the 
design of the brass disk, however, 
there was some question as to the ten- 
sile strength if the disk were made of 
powdered metal, particularly disks of 





Redesign 





Former Design 
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Redesign of a connection clip used in electric equipment. Original part, weighing 
11 times redesigned part, was made by screw and milling machines, and drill presses. 
The new design is made wholly on a punch-press thereby conserving brass, essential 
machines and man-hours. Also, the redesigned clip is in many respects superior 





Formed Sheet 
Metal Parts 





Interchangeability is one feature of the redesigned brush mechanism which is almost 
identical in appearance and detail to the former design. Major savings in the rede- 
sign include machine and man-hours. The amount of material saved is incidental 


large diameter wherein the stresses 
developed by centrifugal forces would 
be high. 

If the disk were made as a casting, 
it would require machining on all 
surfaces in order to obtain the de- 
sired finish. This would necessitate 
tying up of machine tools as well as 
requiring more man-hours. 

The forging process seemed to give 
the most promise with respect to all 
the desirable qualities required of the 
brass disk. The tensile strength of 
forged brass is inherently high, the 
forging finish is highly satisfactory, 
the material utilization of the process 
is good and a minimum number of 
critical machine-hours are needed to 
finish the forging. Forging, or per- 
haps more properly termed “hot- 
squeezing,” was chosen consequently 
as the method for producing this part. 
The finished piece is actually of 
higher quality and maximum over-all 
savings were achieved. The savings re- 
sulted from this change netted on one 
line of equipment 160,000 Ib. of brass, 
45,000 screw machine-hours and 32,- 
000 man-hours. 

Incidentally, “hot-squeezing” or 
“hot pressing,” which bears some sim- 
ilarity to a punch press or coining 
operations, can be used also for the 
manufacture of brake disks, collector 
rings that are too heavy to be drawn 
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and for many other brass parts now 
made in screw machines. The process 
is a good substitute for casting also 
because of the higher quality of the 
finished product and the low percent- 
age of rejections. Losses of parts be- 
cause of blow holes and inclusions, 
such as found sometimes in castings, 
are avoided entirely. 


Assemblies Replacing Single 
Parts 


The third of the enumerated inves- 
tigations deals with redesigning the 
part to be made as an assembly of 
pieces instead of a single piece. Often 
such redesigns reduce the amount of 
materials used and greatly decrease 
the machine and man-hours required 
for production. Usually, the final part 
does not differ from the original de- 
sign either in dimensions or appear- 
ance. If cut from bar stock, hollow 
cylinders with flanged ends produce a 
considerable amount of scrap and re- 
quire many hours of critical screw ma- 
chine time. Such shapes often can be 
redesigned to be made as a brazed 
assembly consisting of punchings and 
pieces of tubing. The only screw ma- 
chine operation is that of cutting the 
tubing to length. Thus, the amount of 
scrap and the screw machine hours are 
reduced. The parts are quickly assem- 


563 








bled in an arbor press and are hydro- 
gen-brazed. 

When contemplating redesigning a 
piece to be made as an assembly of 
fabricated parts, one must make cer- 
tain that the savings in materials, 
machine-hours and man-hours are not 
cancelled by additional machine and 
assembly hours. Even with this limi- 
tation, the opportunities for economies 
by assembling fabricated parts are 
numerous. Thus, any part similar 
to a wheel with a hub can be made in 
two parts more economically than as 
one piece on a screw machine. The 
disk portion is made as a stamping 
and the hub is made on a small size 
automatic screw machine. Dimensional 
accuracies of stampings are good, and 
often they meet the requirements of 
the application better than would a 
machined part. Assembling and braz- 
ing can be done rapidly and the re- 
sulting composite structure is strong 
and rigid. 


Redesigns to Conserve Critical 
Machines 


The fourth investigation involves 
the part that can be redesigned to be 
made as a one-piece stamping instead 
of a screw machine part, thereby re- 
leasing equipment that is critical. 
Usually there also results a saving 
in both material and time. Connection 
clips used in electric equipment are 
an example of such  redesigns. 
Through the redesign of the connec- 
tion clips for a single line of ap- 
paratus, the Fort Wayne Works saved 
58,000 lb. of brass, 9,500 machine- 
hours, and 16.000 man-hours. The re- 
design of parts less than 7$ in. diam- 
eter to be made on punch presses or 
eyelet machines brought about a sav- 
ings of 32,000 lb. of brass, 16,000 
machine-hours, and 95,000 man-hours 
for the pieces needed in one device. 






Redesigned as a punch-press part to replace a casting, the 
brush finger differs in appearance from the original design but 
it is interchangeable and therefore creates substantial over-all 
economies. The principal advantages of the redesign are sav- 


ings in machine hours and less weight 
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Redesigned as | 
Stamping and | 


The foregoing descriptions and ex- 
amples have dealt mainly with screw 
machine parts. In the majority of 
examples cited critical machine and 
man-hours were saved in addition to 
large guantities of materials. Another 
type of redesign has for its primary 
objective the reduction of machine- 
hours. Thus, castings can be rede- 
signed to eliminate many machine 
and man-hours, although little mate- 
rial may be saved. Usually the eco- 
nomies are achieved by redesigning 
the part so it can be made by another 
production process, the size and ap- 
pearance of the part remaining prac- 
tically the same. 

Punchings and wire bender machine 
parts can be interchanged sometimes 
for castings. Interchangeability with 
parts already in production is an item 
which must always be kept in mind, 
and conseguently it may be found 
difficult to save as much material as 
would be possible with freedom in de- 
sign. 

Castings that are difficult to ma- 
chine invariably entail waste and spoil- 
age in production. This problem can 
sometimes be solved by redesigning 
the part to be made as a stamping. 
Although the casting and redesigned 
punch press part may be entirely dif- 
ferent in appearance they must still 
be interchangeable with all other 
parts already in production. On one 
such item at the Fort Wayne Works 
30,000 lb. of brass in addition to some 
40,000 machine and man-hours were 
saved annually. 


Saving Man-Hours in Assembly 


In addition to the redesign of parts 
to achieve economies in their produc- 
tion, the fifth investigation considers 
the possibility of redesigning to ef- 
fect substantial savings by facilitating 
assembly of the part in the final unit. 
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As an example, a shouldered screw 
with castellated nut and cotter pin was 
redesigned to consist of a simple screw 
machine part and snap fastener. As 
another example, a series of screw 
machine parts was replaced by a sim- 
ple hook bolt. The space into which 
these parts were assembled was ex- 
tremely confined, the original three- 
piece design was difficult to install; 
the redesigned parts slipped readily 
into place. Although the material sav- 
ings were small, the simplified con- 
struction saved 25,000 man-hours of 
assembly time in addition to a reduc- 
tion of 11,000 machine-hours and 
9,000 man-hours in the fabrication of 
these parts. 

It is highly significant that not one 
of the parts referred to in this article 
weighed as much as Ya lb. and most 
of them were unusually small pieces. 
In spite of this, as indicated by the 
figures given, the accumulated say- 
ings of materials and man-hours was 
tremendous. In a selection of some 12 
or 15 fundamental items, we have, 
by the described procedures, saved a 
total of 1,500,000 Ib. of critical mate- 
rials, more than 400,000 machine- 
hours, and upward of 350,000 man- 
hours. This represents an annual sav- 
ing of 25 to 30 carloads of materials, 
45 to 50 machines working around the 
clock, and 130 men working on an 
8-hour shift. 

Similar methods to further produc: 
tion can be applied in many indus- 
tries. The examples given in this ar- 
ticle are typical of parts found in al- 
most any shop, and are in no sense 
unusual in nature, quantity, or ‘size. 
The assurance of complete victory 
rests not only in our ability to do 
these things but in the further exten- 
sion of our efforts wherever possible 
to conserve materials and produce 
more with the machines and men at 
hand. Every design must be studied. 





Difficult assembly problems were overcome when the assembly 
of screw machine parts (left above) was converted into 4 
simple hook bolt. Similarly, the shouldered screw, castellated 
nut and cotter key (right above) were replaced by a simple 


screw machine part and snap fastener 
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Coordinating Standards Work 
With Design and Production 







HE best standards in the world 
are of little value if they re- 
main on the shelf and do not 
play a vital part in our design and 


production program. Unlike litera- 
ture which may be great if read only 
by the few. standards to be worth- 
while must be employed daily by the 
many. The task of putting standards 
to work is not easy. It requires prac- 
tical knowledge of the operations of 
many departments, care and patience, 
some imagination and foresight, and 
considerable tact and persuasiveness. 

Standards work can be divided into 
two distinct though closely related 
phases: (1) The preparation of 
standards, culminating in the issu- 
ance of standards sheets or drawings; 
and (2) the dissemination of these 
standards to those using or directly 
affected by them, followed by the ap- 
plication of the standards in design 
and production. The first phase, 
that of preparation of standards, has 
progressed quite satisfactorily, al- 
though it is felt that a broadening of 
the standards outlook through more 
consideration of the second phase will 
in the future enhance the value of 
our standards work. 

With regard to the application of 
standardization in design and, more 
particularly, its full coordination with 
the various affected departments in a 
company, it is believed that in many 
Instances much remains to be done. 


B. C. BOULTON 


Administrative Engineer, Lockheed Aircraft Corporation 


B. C. Bourton has contributed 
substantially to many develop- 
ments in Army, Navy and eom- 
mercial aircraft. Graduating 
from Massachusetts Institute of 
Technology in 1916, he entered 
the aviation field the following 
year. Before joining the Lock- 
heed Aircraft Corporation in 
1939, Mr. Boulton held impor- 
tant engineering posts with the 
Loening Aeronautical Corpora- 
tion, the Keystone Aircraft Cor- 
poration and the Glenn L. Mar- 
tin Company. His literary work 
includes numerous technical pa- 
pers and the book, “Structural 
Analysis and Design of Àir- 
planes,” published in 1920 by 
the Air Corps. 


This discussion is primarily concerned 
with some of the problems arising in 
securing such coordination and with 
suggested solutions. It is generally 
recognized that for standards work 
to be fully successful, either nation- 
ally or within a company, it must have 
the support of major engineering and 
production executives. It is suggested 
that one of the primary reasons why 
such support may not be forthcom- 
ing in some cases is failure to “carry 
through” on this second phase of 
standardization. 

A company that is largely confining 
its standards work to the fields cov- 
ered by the S.A.E. and N.A.S.C. acti- 
vities, extensive as these may appear. 
is “missing the boat” so far as realiz- 
ing on the great economic benefits 
inherent in the application of the 
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Good design and controlled production can be com- 
patible with the use of industrial standards. Upon 
the engineering standards group personnel lies the 
responsibility to demonstrate the advantages and 
benefits that accrue to all departments in facilitating 
work and reducing cost through the application of 
standardization principles. 


principles of standardization. The 
reason for this is that only those items 
which are ready for formal standardi- 
zation on a national scale can be the 
subject of the efforts of such national 
organizations. On the other hand, 
within a company or on a limited re- 
gional basis the methods of standardi- 
zation can be applied most effectively. 
Such efforts are an almost necessary 
prelude to formal standardization 
and yield very high returns for the 
effort invested. 

For standards to get “down to the 
grass roots,” to be practical and vital, 
and to have the respect of design en- 
gineers and production men, the place 
of standards work in the engineering 
organization must be given impor- 
tance. It should not be a strictly staff 
activity nor be part of a division of 
engineering not responsibile for de- 
sign. If it is, the standards group 
loses contact with current design, 
tends to become unaware of real 
problems, is in danger of adopting 
an academic attitude, and consequent- 
ly loses the respect of those whose 
respect is essential. It should be part 
of the line organization responsible for 
design. 

At first sight standards work may 
appear to be a staff function, but 
closer examination shows that its ad- 
visory duties are subordinate to its 
responsibility for initiative and for 
producing work, within the limits of 
management directives, that directly 
affects design, purchasing, tooling, 
and production. Because of the in- 
creasing part played by standards in 
production, those who are responsible 
for standards work must maintain 
close relations with the production 
design office, and in many cases it 
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may be desirable to place the stand- 
ards group under that office in order 
to make easier the coordination of 
the many aspects of its work which 


immediately affect production design. 
In summary, the standards group must 


be an integral part of the design di- 
vision of engineering. 


Design Control 


Standards engineers are few in 
number as compared to designers and 
draftsmen. Therefore, it is unprac- 
tical for standards engineers to “po- 
lice” the drafting room to insure the 


use of standards authorized by the 


company and to overcome the natural 
tendency of designers to use unau- 
thorized, special new parts or parts 
from manufacturers’ catalogs because 
they appear to fit the design better. 
In this connection, the author had a 


most interesting talk with Mr. Mens- 
forth, Chairman of the Board of 


Directors of Westland Aircraft of 
England. He is one executive who 
realizes fully the potentialities of 


standards work and has devoted much 
effort to it. It is his strong belief 
that the types of parts available for 
design should be much more strictly 
limited than is generally the case. 

In a recent airplane built by West- 
land, a concerted effort was made in 
this direction and competitors were 
ready with dire predictions as to the 
lack of technical quality that would 
result. Mr. Mensforth stated that 
contrary to such predictions the air- 
plane was one of the most success- 
ful his company had ever produced 
from the functional and weight stand- 
point. Enforced adherence to stand- 
ards naturally results in an airplane 
superior from the production view- 
point and one which is welcomed by 
hard-pressed service men who are 
charged with field maintenance and 
repair of aircraft. 

Limitations of this type, of course, 
impose an additional burden on the 
skill and ingenuity of designers and 
a high order of ability is required to 
produce an equally satisfactory prod- 
uct. However, should we not face the 
fact that further expansion of our war 
production and the imperative compe- 
tition of post-war design point to eli- 
mination of the “luxury” of having 
a largely unrestricted choice of parts 
other than those so far subject to 
national standardization? In so far 
as engineering executives and project 
offices confront this condition squarely 
and issue wise and firm directives to 
check the free rein usually given de- 
signers on detail design, will we be 
able to lift the present heavy burden 
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on production, procurement, and field 
maintenance. 

Returning to the subject of design 
control, standards engineers have 


three allies who can greatly assist 


them, provided engineering manage- 
ment issues the necessary directives. 
Material engineers and estimators, in 
preparing an advanced bill of mate- 
rial, go over a design in the layout 
stage and where it does not conform 
to correct standards practice have the 
opportunity for suggesting suitable 
standard parts and, where necessary, 
can call in a standards engineer. Like- 
wise, production design engineers re- 
viewing drawings to simplify construc- 
tion can perform a similar service in 
connection with the use of sub-stand- 
ard parts, such as castings, forgings, 
extrusions and moldings to be used 
as is or modified by machining, also 
parts and assemblies from a design 


standards catalog. 
The third useful ally of the stand- 


ards engineer is the checker. Par- 
ticularly if the checker carries out 
his work in a progressive fashion, 
instead of waiting until a drawing is 
completed, can he be of value in se- 
curing conformance to standards. In 
the more important cases where agree- 
ment cannot be reached with design- 
ers, the question should be carried 
up to the group engineer or the proj- 
ect office. 

Such efforts are effective in pro- 
portion as the design groups become 
standards conscious. This requires 
three things. The first is respect for 
standards, based on the standards en- 
gineers being right and keeping their 
standards books up-to-date. One of 
the most effective factors in bringing 
about standards consciousness is a 
continued campaign of education in 
which the advantages of standards, 
the cost savings possible, and the 
great assistance to field service are 
made known. The third essential is 
continuing support of standards work 
by engineering management. To be 
effective, this cannot be a one-time or 
sporadic support. 


Securing Cooperation 


Fundamentally, standards work in 
the long-run must sell itself by its 
own merits and by demonstrating 
that the wide use of standards and 
good design are entirely compatible. 
Furthermore, a very effective method 
is to bring about a realization by de- 
signers that intelligent use on their 
part of various types of standards, in- 
cluding a design standards catalog, 
can save them time and trouble, en- 
abling them better to meet scheduled 





completion dates for their work. It 
is difficult to secure the atmosphere 
in which really worthwhile standards 
work can develop and flourish if such 


work is confined to government or 


official industry standards. It must 
be widespread and permeate many 
fields of design on the basis of com. 
pany standards, even though these be 


of limited nature. 


The incorporation of standards in 
new design does not present serious 
problems from the shop viewpoint. 
On the other hand, progress in stand- 
ardization is so rapid that the major 
benefits of standards can be obtained 


only by the incorporation of new stand. 


ards in drawing already released for 
current high production. To accom- 
plish this without delaying produc. 
tion requires that many factors and 
conditions be understood by the stand- 


ards group and that it be so organized 


as to meet the conditions essential for 
successful introduction of standards 
on the production line. 

Few engineers appreciate the com- 
plexity of the work that goes on out- 
side of their department and the effect 
which design changes have on this 
work and on the records connected 
with it. In our opinion, this situation 
requires the setting up within the 
standards group of a highly important 
and specialized function, namely, pri- 
mary responsibility for coordination 
of standards activities with depart- 
ments concerned with procurement, 
production, and inspection. It is felt 
that this coordinator should not be 
the head of the standards group but 
should be directly responsible to the 
latter. The importance and extent 
of the work is such that the coordina- 
tor should not have other duties. 


Requisites of Coordinator 


The man chosen for this position 
must know procurement,  tooling. 
stocking, production, and inspection 
supervisory personnel, and their oper 
ations which are affected by stand: 
ards. It is necessary that he also be 
familiar with engineering design prac 
tices in order to be intelligent in his 
work and to assist in design coordina 
tion where this is affected by produc 
tion conditions. It is seldom that an 
individual with the requisite exper 
ence will be found in a standards 
group, nor is it necessary that he be? 
standards engineer. However, the cv 
ordinator must be thoroughly com 
vinced of the advantages of standaró 
ization, since he is the chief point of 
contact between the standards group 
and outside departments. On him 
falls the responsibility of winning the 
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support of non-engineering executives 
for a standards program. 

The responsibilities and functions 
of the coordinator should be clearly 


defined and made known to all de- 
partments which he contacts. He 
should be given adequate and recog- 
nized authority to carry out his re- 
sponsibilities, this authority being 
agreed upon by engineering and pro- 
duction executives. He should assist 
the standards group in determining 
where their efforts, with particular 
reference to company standards, can 
be most profitably directed. He should 
advise them of those classes of parts 
dificult to procure or having excessive 


cost because of manufacturing diffi- 
culties. Such parts may be either ex- 


stocks and current or planned orders, 
and the current or anticipated rate of 
usage. Other factors bearing on this 


all-important matter of timing are the 


time required for the procurement of 
new standard parts, for the changes 
in drawings if these are affected, and 
for the modification of tooling if 
changes in tools are necessary. 

The coordinator must exercise wise 
judgment concerning the advisability 
of introducing a revision in standards, 
taking into account the disruption to 
tooling, the possible necessity for the 
training of production personnel, and 
the adjustments that are required in 
many departments. This necessitates 


a careful study of the way in which a 
change in existing standards or the 





Engineering Groups 





Engineering standards group should be an integrated part of the 
design organization and should have authority to control the use of 
standards by all other groups concerned with design and production 
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isting standards needing revision or 
parts suitable for standardization. 
Recommending the deletion of un- 
necessary or obsolescent standards 
which clog stockrooms and cause un- 
necessary overhead expense is a fun- 
damental service. 


Timing Factors 


One of the coordinator's primary 
functions is collaboration with pro- 
duction and planning in timing the 
introduction of a new standard. This 
requires the determination of present 


introduction of a new standard affects 
various departments. The coordinator 
must discuss a proposed change in 
sufficient detail to insure that the 
proper steps in each case are under- 
stood and taken. In all instances the 
department supervisor affected should 
be advised in advance of the introduc- 
tion of new standards. Arrangements 
made in such discussions should be 
confirmed in writing so as to secure 
effective coordination between depart- 
ments concerned. 

To perform this job effectively, the 
coordinator must possess not only a 
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wide knowledge but much tact and 
diplomacy. As in the case of design 


departments, he must carry on an 


unceasing, though unobtrusive cam- 
paign to make those with whom he 
works conscious of the advantages of 
standards, not only in general but to 
them, in facilitating their work and 
in reducing the cost of operation of 
their department. 
One of the major benefits of the 
type of coordination discussed is that 
the interest and backing of all de- 
partments are inevitably secured if a 


sufficiently intelligent job is done. The 


introduction of standards into current 


production is beset with almost in- 
surmountable difficulties if, because 
of lack of sufficient preparatory work, 
supervisors do not feel that they have 
had their part in the standards pro- 


gram and hence receive the impres- 


sion that standards are being forced 
upon them. 


Advance Planning 


For the reason that thoroughness 
and complete follow-through is so 
essential to a smooth introduction of 
standards into production, it is wise 
not to introduce too many changes 
simultaneously. Far better results are 
obtained by concentrating on one or 
two classes of items at a time, thus 
permitting proper follow-up by the 
coordinator and the necessary assimi- 
lation of the changes by all those 
affected. To an enthusiastic standards 
engineer who is cognizant of the great 
gain through standardization, some 
self-discipline may be necessary in 
carrying out this policy. The main 
thing is to plan ahead, and if the 
standards group keeps steadily plug- 
ging away it is surprising what ac- 
complishments they can initiate and 
achieve in a year. 

In closing this discussion, repeated 
emphasis is given to the value of de- 
veloping and placing primary effort 
on limited standards. Such standard- 
ization within a company and in re- 
sponse to the particular needs of that 
company is of unusual value because 
it is done in response to a specific de- 
mand. Close contact between stand- 
ards work and production necessities 
provides a healthy atmosphere for the 
development of standards. Important 
and essential as is the work done in 
cooperation with national standardiza- 
tion bodies, the greatest returns will 
be found in the application of stand- 
ards principles to the vast, rich, and 
often untouched field of intra-com- 
pany standardization. Such work pro- 
vides the raw material for future 
industry standardization. 
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Fabricating Methods 
For Magnesium Alloys 


AGNESIUM alloys have less 
M favorable forming properties 
than alloys of iron, copper 
and aluminum. Wrought magnesium 
alloys in any temper work harden ra- 
pidly when formed at room tempera- 
ture, thus limiting their cold working 
possibilities. In common with most 
other metals, however, the workability 
of magnesium alloys is greatly im- 
proved at elevated temperatures. Most 
magnesium alloys can be formed at 
450 and 700 deg. F. In general, the 
same methods of working can be used 
as for aluminum, using mechanical 
and hydraulic presses, drop hammers, 
hand working, but with some modifi- 
cations necessitated by elevated work- 
ing temperature. Forming properties 
usually improve as the speed of form- 
ing decreases. Hence methods per- 
mitting slow working are preferred. 
Workability varies considerably 
among various magnesium alloys. The 
ratings given in Table I for work- 
ability, which apply to both cold and 
hot working, should be considered only 
as a guide. Some variations depend on 
the forming operation and on the form 
of the alloy. For example, AM3S mag- 
nesium alloy develops different me- 
chanical properties in the forms of 
sheet, extruded shapes, or tubing, and 
the workability of the alloy is af- 
fected by such variations. In general, 
AM52S and AM-C52S have the best 
workability, AM59S the poorest. 
Methods of heating magnesium al- 
loys to forming temperature vary from 
a simple hand-operated gas blow torch 
to preheating furnaces, hot-air blow- 
ers, or electrically heated dies. The 
latitude of feasible working operations 
increases with the accuracy of temp- 
erature control. Use of contact pyrom- 
eters is indispensible. Alloys used 
for working are not heat-treated, nor 
are they usually strain-hardened, since 
they are mostly used in the annealed 
temper. Their room-temperature prop- 
erties are practically unaffected by 
temporary heating to required working 
temperature. When more than one step 
is necessary in hot drawing, and mag- 
nesium sheet has to be reheated for 
the next draw step, recrystallization is 
avoided by lowering the maximum 
reheating temperature about 30 to 40 
deg. F. below the working temperature 
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Forming and machining characteristics of magnesium alloys, 
and joining methods subdivided under riveting, screw fasten. 
ing, three types of welding, and other methods, are described 
in concluding a series of five articles started in May. Through- 
out the series physical properties have been treated individually 
in relation to design of magnesium alloy parts. Data and 
information was collected and made available by American 
Magnesium Corporation. 





Table I—Forming Properties of Wrought Magnesium Alloys 





Minimum 


Cold Best Approximate 

Bending Temperature Temperature 

Radius (90°) Rating of for Hot of Beginning 

for soft Work- — Working-deg. Hot Short, 

Magnesium Alloy sheet(!) ability(?)  F.( 450“) ness (deg. F.) 
NA A V 4t B+ 600 850 
AMS52S and AM-C52S... 3—4t A 500 800 
AM57S and AM-C57S... 5t C 550 800 
AM58S and AM-C58S... akt D 600 750 
NO kn id E T 130 
o dv ncnnnere east C 600 700 





(!) t — sheet thickness. Multiply bend radii by 2 for hard temper. Values 


apply to 0.040 to 0.064 in. thickness. 


(?)Applies to bending, forming and drawing of extruded shapes, tubing and 
sheet. Rating A = best; Æ indicates poor workability even at elevated tempera- 


ture. 


of the preceding step. Sketches on 
pages 574-5 show cold and hot bend- 
ing and forming limitations of magne- 
sium alloy sheet. 

While the necessity for hot working 
magnesium is a drawback in regard to 
cost of equipment and operation, there 
are some aspects of the method that 
partially offset this disadvantage: Hot 
working reduces springback, making 
greater accuracy possible; and it is 
sometimes possible to reduce the num- 
ber of intermediate steps with con- 
sequent savings in tool cost when hot 
working magnesium alloy sheet, com- 
pared to the steps in cold working 
aluminum alloy sheet. 

Recent efforts have been made to 
widen both cold and hot working 
range as follows: (1) More accurate 
definition of operating conditions such 
as blank dimensions, hold-down pres- 
sures, die design and material, and 
lubrication, (2) development of meth- 
ods to reduce speed of deformation, as 
with hydraulic presses or rubber dies, 


and (3) development of alloys with 
increased cold workability. 

Higher spring-back of magnesium 
alloys must be considered in designing 
tools for cold working. It has been 
found that both modulus of elasticity 
and yield strength of magnesium 
alloys are reduced by cyclic cold work- 
ing to stresses exceeding yield 
strength, a factor for which allowance 
must be made in the design of cold 
forming tools. 

Use of accurate tools of proper de- 
sign is important. For example, ?4-in. 
O.D. tubing of AM-C57S alloy with 
0.032-in. wall can be bent at room 
temperature to a 1% in. diameter 
mean bend radius with steel tools, but 
cannot be bent on this radius with 
wooden tools even at elevated tempera: 
ture. A 15-in. diameter cirele of 
AM52S.-0 sheet may be cold drawn in 
a mechanical draw press to a dish 
in. deep, but can be cold hammered to 
only 34 in. depth by hand. 

Magnesium alloy deep drawing and 
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Fig. 1—Making magnesium alloy stampings in a draw press 


forming operations, when carried out 
at room temperatures, are satisfactor- 
ily lubricated with a solution of 95 
parts of a good grade mineral oil of 
200 S.U.S. at 100 deg. F. viscosity 
and 5 parts winter-pressed menhaden 
fish oil. The high temperature drawing 
and forming operations carried out at 
600 deg. F. are lubricated by immers- 
ing the sheet in a good quality high 
temperature mineral quenching or 
drawing oil maintained at 600 deg. F. 
There are a number of proprietary 
lubricants commercially available, 
making use of various combinations of 
natural fats, mineral oils, sulphurized 
oils, graphite, etc., which can also be 
used with varying degrees of success 
for both low temperature and high 
temperature drawing and forming 
cperations, 

Blanking and shearing requires close 
tool clearances. A clearance between 
tool and die diameter of approximately 
0.003 in. is usually satisfactory. Stock 
thicker than about 1/16 in. has a ten- 


dency to shear with a flaky and rough 
surface; in this respect AM3S is better 
than other alloys. Thé use of hold. 
down pressures and, where feasible. 
heating of stock to about 500 deg. F. 
improves this condition. Plate is 
sheared cold up to Ya in. thickness, 
sawed when heavier. Where very 
smooth cut is required, a very thin 
slice (less than the metal thickness) is 
sheared off as the shaving. 

Cast magnesium alloys cannot be 
cold worked, and their hot working 
properties are much more limited than 
those of the wrought magnesium al- 
loys. Rivet shanks, cast integral with 
AM240-T4 castings to create a simple 
joint with a sheet member, have been 
successfully headed after heating. 


Machining 


Magnesium alloys in general have 
excellent machining characteristics. 
Differences in properties as compared 
to other materials, however, should be 
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taken into account, especially thermal 
properties and lower modulus of elas- 
ticity. Tools for cutting steel often 
perform satisfactorily on magnesium. 
Better results may be obtained, how- 
ever, if proven technigue is adopted. 

Free cutting properties of magne- 
sium alloys and freedom of magne- 
sium castings from hard spots and 
pinholes or other porosity that might 
cause machining scrap are generally 
known. A smooth finish without drag- 
ging or tearing is obtained at ex- 
tremely low cost. Chips break and 
clear the machine well. 

There is no appreciable difference 
in machinability of the various magne- 
sium alloys except that AM3S and its 
eguivalent cast composition AM403 
do not cut guite as freely as other 
magnesium alloys. All magnesium 
alloys are well suited for screw 
machine work but alloys of AM52S 
and AM57S are preferred. Routing 
tools are readily used for cutting. 

Magnesium requires one-half to 
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Table II—Shear Strength and Bearing Strength of Rivets 





Pressure for 
Cold Driving 





Average Average of 3/8-in. 
Ultimate Ultimate Diameter 
Shear Bearing Cone-Point 
Driving Strength(!) Strength(? Head Rivet, 
Rivet Temperature Lb. per Sg. In. Lb. per Sg. In. in Tons 
Aluminum 563. ..... Cold (è) 29,000 90,000 (+) 9(1) 
" EE oou? - 11,000 33,000 6 
" E s. " 14,000 42,000 6 
5 A17S-T.. P 30,000 90,000 9 
" 17S-T. - 34,000 102,000 10 
7 24S-T.. MEN " BEEN c 1.4 Over 10 
o 53S-T61.. " 23,000 69,000 6 
, s38.T.... " 26,000 12,000 7 
Di ic ik ele Hot (1,800°F.) 45,000 135,000 3 





(1)For aircraft design purposes, the following minimum shear strength values in lb. 
per sq. in. have been established: 568 24,000 (Navy Spec. 43R5), A17S-T 25,000, 


17S-T 30,000, 24S-T 35,000, 53S-T 22,000. 

( 2) These bearing strengths are to be used only if they are less than the correspond- 
ing bearing ultimate strength for the plates or shapes in which the rivet is used. 

(3) 17S-T driven after quenching, other aluminum alloys as received. 

(*) Estimated. 





Fig. 2—Rivet set for cone-point rivets is less likely to damage magnesium sheet 


welds and electric resistance welds are 
the principal means of joining magne- 
sium parts. 


two-thirds the power needed for cut- 
ting aluminum alloy or brass, one- 
third that for cast iron and one-sixth 
that for steel. Results are about the 
same for the various machining opera- 
tions. Based on other factors such as 
cutting speed and feed or depth of 
cut, magnesium alloys are superior to 
other metals. 

To realize best machining character- 
istics, sharp cutting tools of suitable 
design must be used, machine equip- 
ment must permit increases in speeds 
and feeds, and magnesium parts must 
be firmly supported. 


1. Riveting. Rivets of aluminum 
alloys that have little or no tendency 
to cause galvanic corrosion of magne- 
sium are preferred to magnesium alloy 
rivets. Aluminum alloy 56S is satis- 
factory under any permissible condi- 
tion of stress or exposure, whereas 
other aluminum alloys are restricted, 
for example 2S and 3S for low strength 
joints; 53S-T and 53S-T61 for moder- 
ate strength joints and moderate ex- 
posure conditions; 17S-T and A17S-T 
when there is no exposure to weather- 
ing. Steel or brass rivets should be 
avoided because of danger of galvanic 
corrosion. 

Rivets of 56S are normally used in 
the 14H temper and require no heat 


Joining 
Most conventional joining methods, 


with minor adaptations, can be used 
for magnesium. Rivets, screws, torch 


570 





treatment and quenching prior to 
driving. They require hot driving (650 
deg. F.) in the same sizes as 17S 
rivets, which depend on the type of 
rivet head and on riveting equipment. 
A 5%-in. diameter cone-point head 
rivet requires, for instance, a pressure 
of 25 tons for cold driving, while the 
same size rivet with button head re. 
quires 60 tons. A pneumatic hammer 
of 1-1/16 x 8 size using 90 Ib. per. sq. 
in. air pressure develops 27 tons pres. 
sure. Shear and bearing strengths of 


Table III—Strength of Mag. 
nesium Alloy Torch Welds: 








Average 
Ultimate 
Tensile Average 
Strength Elonga- 
Lb. per tion 
Alloy Sg. In. Percent 
AM3S-O Sheet(?).... 18,000 1.0 
AM-C528-0 Sheet(?). 30,000 5.0 


AM-C57S Extrusions. 35,000 5.0 


() Not dressed. 

(Approximately the same properties 
are obtained in AM3S-H and AM- 
C52S-H sheet. 








Table IV—Torch Weldability 
of Magnesium Alloys 





Wrought Alloys 
AM3S Very good 
AMS2S, AM-C528 . Good 
AM57S, AM-C57S, Fair 


AM65S 
Other Alloys Poor 
Cast Alloys 
AM403 fittings Good 
welded into 


magnesium alloy 
sheet structures 


All other cast alloys Fairly good to 
poor 

Possible to 
limited extent 
(if difference in 
alloying per- 
centage is small) 
Possible. Best 
conditions if 
composition is 
the same 
Impossible 


Different magnesium 
alloys to each other 


Cast to Wright Alloys 


Magnesium alloys to 
other metals 


B 


56S alloy and several of the standard 
aluminum rivet alloys are shown in 
Table IL Table VI, p. 362, June 
Propuct ENGINEERING, gives bearing 
strengths of magnesium alloy sheet. 
Cone-point head rivets are less likely 
to damage magnesium sheet because 
driving pressure is half that required 
for button-head rivets, and because 
the rivet set does not get as close to 
the sheet as in driving button-head 
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rivets, as shown in Fig. 2. When a rivet 
is unintentionally driven at an angle, 
the rivet set for a cone-point head is 
less likely to cut into the sheet than a 
set for a button head. 

The following proportions have 
given a balanced design for 56S and 
2S rivets and any of the magnesium 
sheet alloys: 

1. Maximum rivet diameter 

(large rivet in thin metal) 
56S alloy: 3 times sheet thick- 
ness; 2S alloy: 6 times sheet 
thickness 

2. Minimum rivet diameter 

(small rivet in thick plate) 
Diameter equal to thickness of 
thickest plate 

3. Minimum distance between rivet 

centers 
3 times rivet diameter 


4. Minimum edge distance 
2 times rivet diameter 


For rough sheared edges, the edge 
distance should be increased by 14-in. 
Rivet holes should be drilled or sub- 
punched and reamed, not punched, 
and there should be about 0.015 to 
0.030 in. clearance between hole and 
shank diameter. Faulty riveting prac- 


F 3⁄0 - 


Be 


p^ 


tice should be carefully avoided as 
damage to the sheet may lead to a 
fatigue failure. Insulation of the rivet 
from the magnesium structure by zinc 
chromate primer is recommended to 
prevent possible corrosion. Under 
severe corrosive conditions both a 
joint-sealing compound and a gasket 
should be used for insulation. 


2. Screw Fastenings. Care must be 
taken in design to avoid stress con- 
centration at bolt or screw holes. In 
general, a thread length equal to two 
or three times the diameter of the bolt 
or screw should be provided. This 
compares with a length of about 115 
diameters customarily used in ferrous 
metal design. When an increase in 
thread length is not feasible, an in- 
crease in thread diameter may be the 
solution, Sketches 2 to 4 of the 
threaded assemblies in Fig. 3 illustrate 
ways of obtaining adequate thread 
strength. 

Generally a coarse thread with flat 
or rounded tops such as the American 
National Coarse series or the British 
Standard Whitworth thread are pre- 
ferred. Special screw threads using 
helical coiled steel wire inserts have 
been reported satisfactory under 


fatigue loads. Obviously such threads 
minimize stress concentrations at the 
roots of the threads. For members 
carrying little stress, self-tapping 
screws are satisfactory. A large num- 
ber of screws of small diameter give 
better stress distribution than a small 
number of large diameter. 

When a joint is frequently disas- 
sembled or subjected to impact loads, 
especially at elevated temperatures, 
studs and nuts are preferred to cap 
screws. Where the latter are necessary, 
threaded-in or cast-in bushings or in- 
serts of steel or another wear-resisting 
metal are advisable. Sketches 6 and 
7 of the threaded assemblies in Fig. 
3 illustrate how such inserts may be 
used. For applications involving im- 
pact loads, a common practice is to 
reduce the shank of the bolt somewhat 
in order to lower resultant stresses. 

To assist in preventing galvanic 
corrosion, steel screws and studs may 
be either galvanized or cadmium 
plated. Where the surroundings are 
kighly corrosive, the parts should be 
dipped into zinc chromate primer or 
a joint sealing compound. As a general 
rule, there is no tendency for threaded 
joints to seize and no sealing com- 


Washers prevent chafing 


and distribute load 
a b ` 


Niet 
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Fig. 3—Threaded assemblies for magnesium (2 to 7), as compared with steel or cast iron practice 
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Fig. 4—Torch welding a magnesium alloy tank 


pound is required as a thread lubri- 
cant. 

Occasionally washers of other metals 
may be used to prevent chafing of the 
joint. Washers used with magnesium 
should be somewhat larger than those 
used for ferrous metals or bronze, and 
consequently somewhat thicker to give 
a greater distribution of the load. 
Experience indicates that a washer 
thickness of 1/3 the hole diameter and 
a washer diameter of 2% to 3 times 
the hole diameter gives good results. 
When steel washers are used they 
should be either cadmium plated or 
galvanized. Washers of 56S aluminum 
alloy may be used instead of steel 
without additional protection. 

3. Torch Welding. Most wrought 
and some cast magnesium alloys can 
be joined readily by torch welding. 
Weld strength for sheet and plate 
thicker than 0.05 in. varies from about 
60 to 90 percent of the strength of the 
parent metal, depending on alloy and 
temper. The strength of welds of 
AM3S and AM-C52S alloys may be 
further improved by hammering. 
Welded and hammered magnesium 
sheet. in particular of AM3S alloy, can 
withstand severe forming operations. 
Table III shows approximate strengths 
of magnesium alloy welds. Failures of 
magnesium torch welds usually occur, 
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not in the weld zone, but in the zone of 
transition from weld to parent metal. 
This zone has been melted and re- 
solidified with the resultant loss of the 
original wrought structure, but be- 
cause of rapid chilling the loss remains 
relatively small. Table IV gives data 
on the relative torch weldability of 
various magnesium alloys. 

Butt welded joints are most suitable. 
Lap welds or other types of welds that 
do not permit thorough removal of 
welding flux should be avoided be- 
cause of the danger of corrosion. Both 
desirable and undesirable types of 
joints are shown on page 574. The 
possibilities of three-way joints are 
widened by the use of electric spot 
welds. The design should permit ac- 
cessibility of the welded seam for flux 
removal and cleaning. 

The oxy-acetylene flame and a 
special welding flux, AMC No. 4 or 
equivalent, are recommended. The 
filler rod is usually the same alloy as 
the parent metal, but AM-C57S type 
rod, because of its relatively low melt- 
ing point, is often preferred when 
welding in fittings. Thicknesses up to 
11% in. have been satisfactorily welded, 
but a non-oxidizing atmosphere such 
as carbon dioxide is required when 
the section is so thick that it has to be 
welded with more than one bead, that 





is, about 14 in. and heavier. 

The completed weld may be boiled 
in hot 0.5 percent potassium dichro. 
mate solution for about two hours to 
prevent corrosion from trapped weld. 
ing flux. A thorough brushing, using 
bot water only, is adequate for welds 
that are accessible to a brush. Mag. 
nesium alloys cannot be cut with the 
torch. 

In repair welding of closed or semi- 
closed magnesium sheet structures, an 
inert atmosphere such as carbon 
dioxide may be used to protect weld 
locations inaccessible to fluxing. Re. 
pair welding of moderately stressed 
sections of magnesium castings has 
been practiced for some time with ap- 
parently good results. Important pre- 
cautions include slow heating to 500 
to 600 deg. F. prior to welding and 
equally slow cooling upon completion 
of the weld to prevent cracking, fol- 
lowed by treatment with potassium 
dichromate. Torch welded test bars 
of an alloy composition similar to 
AM265-C, cut from cast crankcase oil 
pans, were found to have a fatigue 
strength of 9,000 to 10,000 lb. per sq. 
in. as compared with a slightly lower 
value of non-welded test bars cut from 
the same castings. 

4. Electric Spot Welding. Magne. 
sium alloys are readily spot welded. 
They usually reguire a lower current 
density than aluminum alloys of egual 
thickness. Different magnesium alloys 
can be spot welded to each other, but 
not to other metals. Maximum thick- 
ness that can be welded depends on 
power capacity of the eguipment. 
Thicknesses of 3/16 in. and higher 
are being commercially joined by spot 
welding. 

Sections to be welded should be of 
nearly the same thickness. If this is 
impossible, one section should be no 
more than double the thickness of the 
other section. However, satisfactory 
spot welds joining Yg in. thick mag- 
nesium sheet to a 14-in. thick mag- 
nesium casting have been reported. 
The following proportions of weld 
spacings are recommended, 


Distance between spots: 
at least eight times, preferably 
16 times sheet thickness (mini- 
mum 14 in. and 14 in. respect- 
ively). 


Edge distance: 
at least 4 times, recommended 6 
times sheet thickness (minimum 


3/16 and 5/16 in. respectively). 


Strengths of spot welds of mag: 
nesium are shown in Fig. 6. The curves 
represent the lowest properties actu 
ally observed, but may not be com 
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sidered as guaranteed. No design 
values have yet been established for 
the strength of magnesium spot welds. 
A value of one-third of the strengths 
shown in Fig. 6 may be considered 
adequate for most applications. Where 
high shock or fatigue stresses are in- 
volved the safety factor should be in- 
creased. 

Joints should be designed to permit 
easv access of welding electrodes. To 
pres mt corrosive attack of welded 
magnesium parts from copper par- 
ticles. electrode tips must be kept 
clean. As an added precaution, the 
spot welded joint should be wire 
brushed and dichromate-treated (AMC 
Treatment A or equivalent). Mag- 
nesium sheet coated with zinc chro- 
mate primer or similar insulating 
materials, as required for faying sur- 
faces, has been spot welded experi- 
mentally with promising results. 

Tentative results of fatigue tests in 
which welded joints of 0.040-in. sheet 
of the 1.5 percent Mn type, similar to 
AM3S-O, were subjected to reversed 
bending, show that the spot welded 
joint lasted more than twice as long 
as the torch welded joint (661,000 as 
against 226,000 reversals to break, 
using 0.8-in. deflection). This ratio, 
however, may not hold true for AM- 
C52S alloy because of the relatively 
greater strength of torch welded joints 
in this alloy. 

„ Arc Welding. Magnesium cast- 

k. h, been carbon arc welded with 

ood results. An arc welding process 
wins a tungsten electrode shielded 
by Heliare helium gas has been 
developed recently for joining mag- 
nesium alloys. This process is re- 
ported to be applicable to a wider 
range of magnesium alloys, both cast 
and wrought, and to result in higher- 
strength joints than the torch welding 
process. Because it does not require 
a welding flux, the process is not re- 
stricted to magnesium butt welds. It 
can be used for joining magnesium 
parts by lap, fillet, and edge welds. 

6. Other Joining Methods. Electric 
resistance seam welds of either con- 
tinuous or intermittent type can be 
made with strengths comparable to 
those of spot welds. Electric resistance 
butt or flash welding is possible but 
has not yet been commercially de- 
veloped. Furnace brazing methods 
have shown encouraging experimental 
results. The brazing process differs 
from welding in that only sufficient 
heat is applied to flow filler material 
into the joint, with little or no melt- 
ing in the parent metal. Pressure weld- 
ing, in which the bond is obtained by 
diffusing zinc foil under a pressure of 
7,000 Ib. per sq. in. at about 670 deg. 


F., has been developed on an experi- 
mental basis. 

Soldering is limited to filling in 
surface imperfections because it does 
not produce a good metallic bond. 
Press and shrink fits, often supported 
by keys, can be used for joining parts 
of tubular cross section and result in 
joints of comparatively high strength. 
Dovetail joints and pivot joints are 
used in joining extruded shapes. Lock 
joints consisting of flanged and inter- 
locked of seams of sheet or tubes are 
not practical in magnesium because 
of the difficulty in making the neces- 
sary close bends. Rubber cement and 
similar substances are used for glu- 
ing other materials to magnesium. 
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MAGNESIUM FORMING PROPERTIESU 


Correct fabrication of magnesium parts for machines or structures nearly always 
depends upon designing satisfactory joints and often upon taking proper advan- 
tage of forming properties. Sketches on these two pages illustrate methods that 
have proved satisfactory, particularly for threaded assemblies and welded joints. 
Some incorrect welded joints are also shown to emphasize possible difficulty from 
flux corrosion. Both the forming and joint design practice illustrate some of the 


rules of design that are given in the article starting on page 568, “Fabricating 
Methods for Magnesium Alloys." 


MAXIMUM COMMERCIAL DEPTH OF DRAW FOR AM3S-0 ANp AM-C52S-0 MAGNESIUM 





SHEET. PROPORTIONS ARE BASED ON 6-IN. DIAMETER Cups OF 0.064-IN. SHEET A 
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Cold formed 
by hand Cold drawn 
in mechanical 
press Hot drawn in 
(20 percent reduction) mechanical 
press 
(50 percent reduction) 
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x|AND DESIGN OF JOINTS 


BEND RADH FOR 0.064-in. AM 3S or AM-C52S Macnesium SHEET 
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Cannot Hot bending 
be done 600 deg.F 
A ° 
possible for ony 
Gin sheet temper 
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Information given here should serve 
only as a guide since joining characteris- 
tics of the various magnesium alloys 
differ considerably. Besides the joints 
illustrated, gluing by various adhesives 
is in general use. Soldering is not used 
because the bond is of low strength. 

1. Fusion Weld: 
Oxy-acetylene in general use. 
Oxy-hydrogen and other gases not 
recommended. 
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METHOps OF JOINING MAGNESIUM PARTS 


Carbon are used for castings. 
Metallic are with tungsten elec- 
trode in helium atmosphere 
(Heliarc) is satisfactory. "m 
2, Electric resistance spot and seam 
weld is in general use 
3. Electric resistance butt weld is sat- 
isfactory 
4. Furnace brazing is used on experi- 
mental basis 
5. Riveting is in general use 


6. Screws, including self-tapping screws, 
are in general use 

. Bolt and nut assembly is in general 
use. 

8. Press and shrink fits are in general 
use 

9. Dovetail joints are used with ex- 
truded shapes 

10. Pivot joints are used with extruded 
shapes 

11. Lock seam is impossible 
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Rules for Die-Forging 


Show Limits in Design 


HE design of hammer die-forg- 

ings, which range in weight 

from a fraction of an ounce to 
800 lb., usually conforms with certain 
rules affecting tolerances, boss dimen- 
sions, allowance for flash, and simplic- 
ity for reasons of economy. The Drop 
Forging Association has been active 
in establishing standards, some of 
which are given herewith. 


Rule 1. Tolerances should not be 
specified closer than are essential, or 
closer than the “close” figures given 
in accompanying tables unless the 
forge shop agrees and the advantage 
gained offsets the increase in cost of 
the forging. 

Standard tolerances under certain 
conditions have been set up by the 
Drop Forging Association to govern: 
l. Thickness; 2, length and width, as 


CHARLES L. TUTT, JR. 


Princeton University 


Hammer die-forging, upset and pierced upset die-forging, and 
press die-forging have characteristics that distinguish them from 
each other and affect design by these methods. These distinctions 
are brought out by a continuation of the general rules presented 
last month. Economy and forge shop limitations are considered. 


more than offset added die costs. 
Commercial forging tolerances com- 
monly are made wide enough to permit 
production on well-worn equipment 
although shops having new equipment 
may be able to hold closer tolerances 
at no increased expense. 
Accompanying tables give tolerances 
for the part as forged and, presumably, 





Farting line... 


— \ 








cleaned of scale. It is possible and 
often necessary to obtain closer toler- 
ances by machining or by coining, 
thus adding to over-all cost. Coining 
operations require one or more extra 
sets of dies, which often make it poss- 
ible to size several dimensions simul- 
taneously at low cost, thus compensat- 
ing their cost. 


affected by shrinkage and die wear, 
mismatching, and trimmed size; 3. 
draft angle; 4, quantity; and 5, fillets 
and corners. 

Although tolerances given in accom- 
panying tables apply only to hammer 
die-forgings and are representative of 
commercial limits. closer tolerances 
can be procured when conditions war- 
rant added cost. For example, close 
tolerances are sometimes warranted by 
lower costs in machining, which may 


Rule 2. Height of bosses, the axes 
of which are not in the parting line, 
should be limited to the minimum that 


Table I—Thickness Tolerances of Hammer Forgings Perpendicu- 
lar to the Plane of the Parting Line of the Die 


Prenared hv the Drop Forging Association 





Commercial, in. Close in. 


Net weights a s a 


Minus Plus Minus Plus 


up to — lb. 
0.2 0.008 0.024 0.004 0.012 
0.4 0.009 0.027 0.005 0.015 
0.6 0.010 0.030 0.005 0.015 
0.8 0.011 0.033 0.006 0.018 
1 0.012 0.036 0.006 0.018 
2 0.015 0,045 0.008 0.024 
3 0.017 0.051 0.009 0.027 
4 0.018 0.054 0.009 0.027 
5 0.019 0.057 0.010 0.030 
10 0.022 0.066 0.011 0.033 
20 0.026 0.078 0.013 0.039 
30 0.030 0.090 0.015 0.045 
40 0.034 0.102 0.017 0.051 
50 0.038 0.114 0.019 0.057 
60 0.042 0.126 0.021 0.063 
7 0.046 0.138 0.023 0.069 
80 0.050 0.150 0.025 0.075 
90 0.054 1.162 0.027 0.081 
100 0.058 0.174 0.029 0.087 
TN i cesse O Án. Y 
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Rule for boss height 






Parting line 
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“Long bosses in parting line” 


Fig. 1—Only bosses with axes in the 
parting plane can be any length 


Better than 
design at right 


Poor design | 


Fig. 2—Straight parts are easiest to forge 
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will meet requirements and to a max- 
imum of two-thirds of the minimum 


4» diameter of the boss. 


The height of boss, on any part that 
is to be hammer die-forged, is limited 
because the metal does not flow readily 
io fill the cavity forming the boss. 
Minimum height favors ease of pro- 
duction. Much longer bosses can be 
forged when they have their axes in 
the parting so that the metal is forced 
into recesses of equal volume above 
and below the parting plane. Fig. 1 
shows bosses of both types. 


Rule 3. Flash: Maximum allow- 
able flash thickness should be specified 
at least 1/32 in. and rarely should 
exceed 3/16 in. Usual thickness is 
about 1/16 inch. 

As allowable flash thickness in- 
creases, the number of pieces that can 
he produced by a given die increase. 
This is because all hammer dies wear 
at the edges of the cavity, and as the 
wear becomes greater, the flash thick- 
ness increases. As the forge shop must 
remove flash with a shearing die and 
the pressure required rises as flash 
thickness increases, the producer 
rarely permits excessively heavy flash. 


Rule 4. Simplicity of shape: Strive 
for maximum simplicity in shape con- 
sistent with other requirements. 

Cost can be minimized by choosing 
a simple shape. Simplicity includes 
keeping the parting of the die straight, 
if possible, so that a locked die need 
not be used, and the use of straight 
rather than curved shapes. Curved 
forgings often introduce difficulties in 
die sinking and tend to reduce die 
life. Fig. 2 indicates the relative sim- 
plicity of a straight as opposed to a 
curved part, the former being much 
easier to forge. 

The shape of the cross-section of a 
die-forged part often has considerable 
effect upon its cost. A circular cross- 
section is simple to sink in the die 
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Table II—Shrinkage Plus Die Wear of Hammer Forgings 
Prepared by the Drop Forging Association 


Commercial, 
Lengths or in. Close, in 
Widths up Plus or Plus or 
to — in. Minus Minus 
1 0.003 0.002 
2 0.006 0.003 
3 0.009 0.005 
4 0.012 0.006 
5 0.015 0.008 
6 0.018 0.009 
For each 
additional 
inch add 0.003 0.0015 


Commercial, 
Net in. Close, in. 
Weight Plus or Plus or 
up to — lb. Minus Minus 
1 0.032 0.016 
3 0.035 0.018 
5 0.038 0.019 
7 0.041 0.021 
9 0.044 0.022 
11 0.047 0.024 
For each 
additional 
2 lb. add 0.003 0.0015 


and requires a minimum amount of 
die maintenance. An elliptical cross- 
section is not so simple to sink but is 
as satisfactory as far as die repair and 
maintenance are concerned. Neither 
elliptical nor circular cross-sections 
require any draft when the axis or 
center line lies in the parting plane. 
Square and other similar cross-sections 
are difficult to die sink and require 
considerable die repair and mainten- 
ance. 

If parts are designed for large guan- 
tity production, it might be possible 
to make changes that will permit forg- 
ing more than one piece at a time in a 
die. Such an arrangement is common, 
but is usually limited to parts that 
can be forged in straight dies. 

A part of intricate shape may be 
possible to forge but reguires an ex- 
cessive number of hammer blows. 
This produces a dense grain structure, 
which usually makes forgings difficult 
to machine. A large number of ham- 
mer blows is likely to cause cold shuts 
or laps, which are serious defects. 

Heavy flash always results when an 
excessive number of hammer blows 
must be struck. Moreover, it produces 
a poor grain structure at the point 
where the flash is removed. Die-forg- 
ings with heavy flash distort more in 
heat-treatment than normal forgings. 
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Upset Die-Forging Rules 


Rule 5. Upsetting limitations: 
Limit the length of unsupported stock 
to be upset in one blow to three 
diameters unless the diameter of the 
upset is not more than 11% times stock 
diameter. In this event the stock must 
not extend more than one diameter 
beyond the die face. 

The first condition of Rule 5 is 
illustrated in Fig. 3 (A); Fig. 3 (B) 
the exception where the length of un- 
supported stock may be more than 
three diameters, and Fig. 3 (C) the 
limitations under the exception on ex- 
tension of stock beyond the die face. 
Fig. 4 shows how to gather larger 
amounts of material than indicated by 
these rules by shifting the upset forg- 
ing into additional cavities and strik- 
ing an additional blow in each cavity. 

Although it is possible to gather 
stock up to 11% times the diameter of 
the bar in a single blow, it is better in 
normal practice that the diameter of 
the upset be kept to 1.3 times the 
diameter of the bar stock, where poss- 
ible. 1f the diameter of the die cavity 
is reduced to less than 1% times bar 
diameter, the length of unsupported 
stock can be correspondingly in- 
creased to more than one diameter. 

When three diameters or less are 
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Fig. 3 —Allowable length and diameter of upsets depends on dies employed 
Fig. 4 — More than one die cavity are employed to obtain large upsets 
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Farting line when forging 
ss struck an additional 


/ e 
Excess materia: 
resulting from 
die wear 


Gear struck additional 
blow to round up forging 


Fig. 6 


upset, a short die can be used. If a 
greater length, up to 114 diameters, is 
upset in a single blow, the die must be 
extended beyond the gripping portion 
to prevent excessive bending of the 
bar, and a longer die is reguired. Up- 
sets larger than provided by Rule 5 
necessitate a die having two or more 
cavities. 

Rule 6. Amount of upsetting in 
relation to die costs: Unless the ex- 
pense of a die having more than one 
cavity is justified, the length of metal 
upset should not exceed 3 diameters or 
maximum upset diameter is 11/5 times 
stock diameter. 

A slight increase in die cost may be 
economical where the upset requires 
two or more blows. In general, the 
larger the volume of metal upset, the 
greater the cost. However, there are 
many instances in which large volume 
upsets are desirable and may yield a 
result more economically than by other 
means. 

Rule 7. Shape of forgings: Where 


costs must be minimized, design upset 
forgings that permit the use of round 





Buick Motor Division 
Fig. 5—Longitudinal section of an auto- 
motive clutch gear showing “grain flow” 


978 





Efject of die wear and restrike blows on gear forging is poor grain structure, 
which is likely to cause tooth failures at these points 
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Gear as forged Bar stock 


Gear Blank 


Upset Gear Blank 
Fig. 7—Axial sections through gear 
blanks show comparative grain flows 


Table I11—Mismatching Tolerances of Hammer Forgings* 


Prepared by the Drop Forging Association 


Net Weight Inches Tolerance 





up to — lb. Commercial Close 

1 0.015 0.010 

7 0.018 0.012 

13 0.021 0.014 

19 0.024 0.016 

For each additional 6 lb. add 0.003 0.002 





* Mismatching results from the displacement of one die block in relation to the other, 
This tolerance is independent of, and in addition to, any other tolerances. 


Table IV—Draft Angle Tolerances of Hammer Forgings 


Prepared by the Drop Forging Association 





Normal Commercial Close 
Angle, deg. Limits, deg. Limits, deg. 
V A 7 0 — 10 0-8 
Inside holes and depressions........ 10 0-13 


E 0-8 


u 


bars and have circular sections only. 

Round bars are low in cost, fit die 
cavities, and are simple and inexpen- 
sive to machine. 


Piercing Upset Die-Forgings 


Rule 8. Pierced forgings: Design 
the forging so that it can be pierced 
when upset. provided that conditions 
permit use of a hollow part and that 
estimates indicate a lowering oÍ cost. 

In general, pierced forgings require 
more than one blow and at least one 
extra die cavity, the cost of which 
should be justified by benefits ob- 
tained, including the saving in metal, 
which alone may justify extra die and 
labor costs. 

A piercing tool can be added as an 
integral part of the heading tool in all 
upset die-forgings to create hollow die- 
forgings, which require much less 
removal of metal in boring or drilling 


operations if internal machining is 
necessary. Piercing operations reduce 
material and machining costs and 
assist greatly in producing advantag- 
eous “grain flow” within the material. 

Upset die-forgings do not have to be 
pierced from end to end but may have 
only a civity pierced in one end, which 
may later be machined or left in the 
original forged shape. It is possible 
to forge socket wrenches, for example, 
to the correct size and shape without 
machining. 

R. E. Frost, National Machinery 
Company, in a paper before the Amer- 
ican Society for Steel Treating stated 
that “If the forging operation is 
merely piercing, the best angle for the 
piercer end of the tool is an included 
angle of not over 60 deg. If the piercer 
must be used to square the end of the 
forging by pressing the stock against 
the end of the shear, then the included 
angle can be as much as 75 deg.; but 
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the length of the stock being acted 
upon by the piercer should not exceed 
one diameter of the stock. If it is 
necessary that a square bottom be 
formed in the forging, then a square- 
end tool with slightly rounded corners 
should be used; but the distance the 
tool should travel in the forging should 
only be sufficient to square up the end 
of the forging.” 


Rule 9. Shape of pierced portions: 
Design if possible so that a pierced 
recess or hole is of circular section 
and has a conical end of about 60 deg. 
included angle. 

This makes it possible to employ a 
piercing tool of minimum cost and 
subject to minimum wear. Though 
tools having a hex or other symmetri- 
cal section are practical and necessary 
for some purposes, costs may be in- 
creased. It is better to avoid holes hav- 
ing a square bottom since they usually 
require an extra blow and extra tool, 
unless quite shallow, and a liberal 
radius should be provided on the end 
of the punch. The tool should never be 


Table V—Quantity Tolerances 
of Hammer Forgings 


Prepared by the Drop Forging 
Association 





No. of Pieces Overrun Underrun 


on Order Pieces Pieces 

[- 2 1 0 

3- 5 2 1 

h— 19 3 1 

20- 29 4 2 

30- 39 5 2 

L0— 49 6 3 

50- 59 7 3 

60— 69 8 4 

70- 79 9 4 

gu- 99 10 5 

Percent Percent 

I00- 199 10 5. 
200- 299 9 4.5 
300- 599 8 4.0 
600- 1,249 7 3.5 
1,250- 2,999 6 3.0 
3.000- 9,999 5 2.5 
10,000— 39,999 4 2.0 
40 000-299 , 999 š 1.5 
300,000 up 2 1.0 


———T— aa 


so shaped as to produce such thin wall 
that excessive shrinkage stresses may 


be set up when rapid cooling takes 
place. 


` Rule 10. Effect of die wear: Spec- 
ify that excess metal at the parting 
line, resulting from die wear, must not 
be forced back into the forging if this 
produces detrimental grain flow. 

Since greatest die wear occurs where 
the cavity joins the parting plane, that 
ìs at the point between the grip dies, 
the effect is to increase the diameter of 


the upset die-forging along these lines. 
If die wear becomes excessive and 
the dies are not properly dressed, 
poor forging may result. The damage 
occurs in the final die impression 
where it is customary to rotate the 
forgings to force it into a true cylin- 
drical shape. This rotation forces the 
excess metal left at the worn parting 
line in the prior impression into the 
forging, thus causing poor grain struc- 
ture along these lines. 

The effect is especially significant in 
gear forgings because poor grain struc- 
ture, concentrated at one or more gear 
teeth at >pposite diameters, is likely to 
cause tooth failures. The cause may 
remain obscure unless discovered 
through the etching of a polished sec- 
tion of the gear tooth or teeth that fail. 
Fig. 6 shows the result of incorrect 
practice of this type. Fig. 7 compares 
grain flow of bar stock with the more 
favorable structure obtained by up- 
setting. 


Rule 11. Use of sliding dies: Limit 
the use of sliding dies to forgings for 
which no other design is adequate in 
securing the desired results, and cost 
is justified. 

It is often necessary to gather the 
material in the middle of a piece of 
bar stock. Such an operation is ac- 
complished in upset  die-forgings 
through use of sliding dies, sometimes 
referred to as “spring” dies. Sliding 
dies have not been recommended by 
many shops in the past but, where the 
rigidity and constant gripping pressure 
of modern upsetting machines are 
available, sliding dies are now used 
considerably. In one instance 214 
diameters of 7/8-in. stock were suc- 
cessfully gathered in a six-pass sliding 
die. In designs of this type, liberal 
tolerances are necessary and close 
cooperation with the forge shop is 
advised to ascertain whether the de- 


sign is practical to produce. When it 
is required to gather stock near the 
end of a bar, but not more than a 
distance limited by the depth of a hole 
in the heading tool, it can be accom- 
plished as illustrated in Fig. 8, without 
using sliding dies. 


Press Die-Forging Rules 


Rule 12. Draft on outside diameter: 
Specify at least a slight draft unless 
over-all cost can be,lowered by speci- 
fying no draft. 

In press die-forging, because of the 
use of knockout pins, it is possible to 
manufacture die-forgings with no 
draft and to hold the dimensions of 
unfinished surfaces within + 0.005 to 
+ 0.010 in. of the nominal life. A 
slight draft is desirable to minimize 
wear on side walls of die cavity but 
may be offset by greater machining 
cost. 


Rule 13. Draft on holes: Specify 
draft on holes unless their depth is 
less than their diameter, increasing the 
amount of draft as hole depth in- 
creases. 

Straight holes with sides approxi- 
mately parallel can be made in press 
die-forgings if their depth does not 
exceed their diameter, although this is 
likely to increase wear on the piercing 
tool. The shape of punch can be the 
same as for those in upset forgings. 


Type of Dies 


Press-forging is a relatively new pro- 
cess and is changing rapidly as a re- 
sult of wartime use. It is too early to 
formulate rules for equipment that has 
been in use so short a time. Neverthe- 
less, some knowledge of basic die types 
and of press-forgings or “die-pressed” 
parts explain why this type of die-forg- 
ing process is gaining so rapidly in 
favor with designers. Forging presses 


Heading fool 


Grip die 


1 


Upset forging 





Fig. 8—Method of upsetting material near end of bar without using sliding dies 
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arting 
line 


Die-forging 


-Lower die 
Fig. 10—Extrusion-type press-forging die 


Upper die 


‘-Split lower die 
Fig. 11—Split-type press-forging die 


have been increased in capacity and 
only experience in using these new 
machines will indicate their limita- 
tions. Forging presses have demon- 
strated their utility, however, in the 
production of small to medium size 
steel gear blanks and in the produc- 
tion of small non-ferrous forgings. 
Aluminum alloy pistons have been 
press-forged advantageously, although 
they have been produced more com- 
monly in upsetting machines. 

Three general types of press forg- 
ing dies are in general use. The most 


common is the so-called “open” die, 
such as that in Fig. 9. This die is 
similar to the drop-forging die of the 
“straight” type. The volume of the 
die-forging is preferably divided 
equally between the two halves of the 
die. 

The second type of die is sometimes 
called an “extrusion” die because the 
metal is forced to flow into the annulus 
between the punch and the die cavity. 
This die is composed of three parts— 
the two die blocks and a punch, as 
shown in Fig. 10. In operation, the 
die blocks are first closed and then the 
punch is driven to its final position by 
further motion of the press. The 
punch displaces or extrudes the metal 


Table VI—Fillet and Corner 
Tolerances of Hammer 
Forgings 


Prepared by the Drop Forging 
Association 


Net Weight 
up to—lb. Commercial, in. Close, in. 


0.3 3/32 3/64 
1 1/8 1/16 
3 5/32 5/64 
10 3/16 3/32 
30 7/32 7/64 
100 1/4 1/8 


Fillet and corner tolerances apply to 
all meeting surfaces even though not 
specified on drawings. 


Fillet tolerances apply to inside cor- 
ners and edges having angles less than 
180 deg. 


Corner tolerances apply to outside 
corners and edges having angles greater 
than 180 deg. 


Must be clean and free--=. 


from scale 


slug and forces the metal to fill the 
space remaining between the die 
cavity walls and the punch. 1 

Dies of the third type, shown in Fig, 
11, are used only for flanged parts that 
cannot be removed from a one-piece 
die block. The die is usually in three 
pieces, the lower die block being split 
vertically so that it will separate and 
allow the release of the offset or 
flanged portion of the die-forging. The 
outer surface of the lower die block i: 
usually conical and is held in a female 
mating holder. Punches may be usej 
in this type of die and can either he 
integral or inserted into the upper die 
block. 

It is possible to make the split die 
block in more than two pieces and in 
such a way as to forge projections on 
the die-forging in more than on 
plane, but the original cost as well x 
repair and operation costs are likely 
to be too high to make this type of die 
practical. Through the use of this type 
of die, however, forgings of a complex. 
ity comparable to certain die cast parts 
can be obtained. 


Drawings 

In order to give the designer some 
idea as to correct dimensioning and 
methods used on forging drawings, 
Fig. 12 shows a separate forging drav. 
ing for the clutch gear illustrated it 
Fig. 5. 

It is not common practice to haw 
separate forging drawings of every die 
forged part, although it is an Arm 
Ordnance rule that all die-forged part 
must have separate forging drawing: 
Ordinarily forging and machining 
drawings are combined, the extr 
stock for machining being shown by 
dimensioned dot-and-dash contour 


| — 
Lust e. 
Jd - 0” 


4 


Fig. 12—Typical dimensioning in an upset forging drawing 
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Deformation Under Pressure 
Of Brazed Aluminum Tank 


L. W. COMBS 


Engineer, Structures Research Laboratory, Lockheed Aircraft Corporation 


a large aluminum reservoir tank 

for aircraft paves the way for a 
similar method of joining other as- 
semblies of aluminum parts. Several 
specimens, which simulated the joint, 
were tested before the tank was 
brazed. The tank assembly consisted 
of a baffle plate fitted between two 
half shells, fabricated of 3S-0 alum- 
inum alloy sheets, to form two dis- 
tinct sealed compartments. Pipe con- 
nection fittings were incorporated in 
each half shell. 

The completed tank was put through 
pressure and vibration tests, and em- 
erged without sign of failure or leak- 
age at a pressure of 50 lb. per sq. in. 
A tendency for the joint to open in 
the radius was noticeable, but it was 
not severe. 


Specimens of 3S-0 were cut and 
formed to simulate the joint to be 
used in the completed tank. Fig. 1 
shows their dimensions and shape. 
All contact surfaces of the specimens 
were etched in 3 percent hydrofluoric 
acid solution and then thoroughly 
covered with Alcoa No. 33 flux, ap- 
plied as a thin paste. Alcoa No. X-716 
brazing material in strip form, 0.015 


Gs aim furnace brazing of 


6.35"R. 
= — — 


Fig. 2—Reservoir tank for airplane. Baffle divides tank into two separate sealed 
Compartments. Brazing material was cut to suit the area under the shell flanges 
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Direction of load 


1 3S$-0 aluminum 
| alley 0.051 in. 
thick 
„Baffle plate 


35-0 aluminum 
alloy, 0.040 in 
thick 


Fig. 1—Dimensions and design details of test specimens which simulate tank joint 


in. thick, was cut by hand to fit the 
area between the joining surfaces. 
The parts were then clamped to- 
gether and placed for 15 min. in an 
electric furnace having a temperature 
ot 1,100 deg. F. 

After brazing, the specimens were 
removed from the furnace and allowed 
to cool slowly in air. The specimens 
were then tested to failure under ten- 


Braze alloy 
sheet clamped 


Fig. 3—Method of clamping half-shells, 
braze alloy sheet and baffle plate to- 


geter during furnace brazing operation 


X- 7/6 
filler, 


Table I—Test Results For 


Specimens 


i Failure Load 


—MÁ NT — 


E 


Half shells’ 
3S-0 aluminum 
alloy, 0.05! in. 
thick 


\ 
‘Baffle, 3S-0 
aluminum alloy 


0.040 in. thick 


sion. Table I gives the results of the 
physical tests. These results were sat- 
isfactory. 

The tank to be brazed is shown in 
Fig. 2. After etching and applying 
flux to all contact surfaces, brazing 
material was cut to suit the area of the 


581 





joints, following the same procedure: 
as described for test specimens, The 
parts were then assembled and hel? 
in position, as shown in Fig. 3, by aj 
series of short lengths of 14 x 15 ig 
angle bolted to the top and bottom. 
of the flange around the periphery of 
the joint. 

The assembly, supported on a rac 
was placed for 15 min. in an electrie 
furnace having a temperature of 1.10 
deg. F. An attempt was made to use 
the gas curtain equipment attached 


the furnace as this would have pre 
vented differential heating from th 
front to the rear of the furnace. B 
the gas curtain raised the temperatur 
in the region of the thermocoup 
thus making it difficult to control ae 
curately the temperature of the 
sembly. After removal from the f 
nace, the assembly was allowed 
cool slowly in the air. 

Proof tests on the tank follow: (1 
Applying 30 lb. per sq. in. inter 
pressure and then releasing pressure 
to zero; (2) applying internal pres 
sure from zero to 50 lb. per sq. in. im 
increments of 10 lb. per sq. in., a 
measuring elongations at 6 stations 
indicated in Fig. 4. Elongation reag 
ings at stations No. 1 to 5 were take 
over 2 in. gage lengths, and at stati 
No. 6 over about a 13 in. gage length 
or the tank diameter. 

Table II gives the results of the 
tests at 40 and 50 lb. per sq. in. M 
measurable permanent  deformati 
was noted at stations No. 1 to 5. ľe 
manent set at No. 6 was about f 
percent of the measured deflection 
At 50 lb. per sg. in. there was no si 
of failure or leak. 


Fig. 4—Furnace brazed aluminum alloy tank ready for proof testing. With tank sub- 
jected to internal pressure, elongation readings were taken at stations indicated 


Vibration Test 


For acceptance vibration tests, 
reservoir tank was mounted in a ji 
in a manner simulating the method 
attachment in an airplane. The ji 
with tank was then fastened to 
vibrating table, as shown in Fig. $ 
and vibrated for 2514 hr. at 3.M 
cycles per min. The total amplitude 
the table was 1/32 in., and that 

Fig. 5—Method of mounting tank and jig on vibrating table for acceptance vibra- the tank slightly more than æ in. 2 
tion test. Tank was mounted to simulate the method of attachment in an airplane failure occurred during this test. 


Table II—Deformation in Brazed Tank Under Pressure Tests 


Elongation at Station 
Internal 


pressure, No. 1 No. 2 No. 3 No. 4 
lb. per sg. in. [—————————— per 
in. percent in. percent in. percent in. percent 


40 0.015 0.8 0.015 0.8 0.015 0.8 0.015 0.8 0.010 
50 0.030 1.5 0.025 1.2 0.025 1.2 0.020 1.0 0.010 
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for PRESENT and POST-WAR PRODUCTS 


* 


A quick survey of the relative properties of the different 
types of plastics, the forms and combinations in which they 
are available, their distinctive characteristics and typical 


applications. 
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Fundamentally, plastics may be classified into two 





main groups... THERMOSETTING and THERMOPLASTIC... 





THERMOSETTING MATERIALS are those that undergo chemi- 


cal change under heat and pressure. These materials “polymer- 
g y 





ize” into hard, infusible products that will not soften to any ex- 


tent on reheating. Typical materials are: 





PHENOL FORMALDEHYDE 
PHENOL FURFURAL 

CAST PHENOLIC 

UREA FORMALDEHYDE 
MELAMINE FORMALDEHYDE 





THERMOPLASTIC MATERIALS do not undergo chemical 


change under heat and pressure but they soften. As the materials 
cool, they harden into a solid state. This process can be repeated 


any number of times. Typical materials are: 


CELLULOSE ACETATE 
CELLULOSE ACETATE-BUTYRATE 
ETHYL CELLULOSE 
POLYSTYRENE 

METHYL METHACRYLATE 
VINYL CHLORIDE-ACETATE 
VINYLIDENE CHLORIDE 

















FORMS IN WHICH PLASTICS ARE AVAILABLE 
FOR YOUR PRODUCTS 





MOLDING POWDERS For injection molding, compres- 










sion molding and extruding. 







Thermosetting materials N i ; 
Powders are available in spe- 


Thermoplastic materials cific formulations and colors. 


CASTING RESINS 


Resins containing no filler. com- 














pounded and fabricated to semi- 





; terial: , 
Thermosetting materials bul depo iy Aio eios, 


IMPREGNATING RESINS 











Resins of various types for 





laminating or impregnating 





Thermosetting materials 
fabrics, paper, other materials. 








SHEETS 


Sheets are produced in a wide 





Thermoplastic materials variety of sizes and thicknesses. 


Thermosetting materials 






RODS, TUBES 






Plastics are also available in 
rod and tube forms in both 








Thermoplastic materials 





Thermosetting materials regular and laminated materials. 





EXTRUSIONS 


Sections of almost all desired 






cross-sections in indefinite 





Thermoplastic materials ; 
lengths, furnished by extruders. 











HOW PLASTICS ARE FORMED TO FINISHED SHAPES 


There are six principal methods of forming plastics 
to shape: Compression molding, injection molding, 
extrusion, casting, laminating and pulp molding. 


1. COMPRESSION MOLDING 


A carefully measured amount of plastic is placed in a pre- 
heated, polished steel die. As molds close, heat is trans- 
ferred to the plastic which becomes viscous and flows to all 
parts of die. The molds are held closed for a period of time 
(cure), then opened and the piece removed. 

SUITABLE FOR thermosetting and thermoplastic mater- 
ials, although thermoplastics require cooling of mold and 
longer cycle. 

ADV ANTAGES — Units up to 20 lb. can be molded, intri- 
cate undercut shapes are possible. Only commercial process 
for thermosetting materials up to present time. 


DISADV ANTAGES —Slow molding cycles, less automatic 
operation. Large presses required. 
TRANSFER MOLDING, a variation of compression mold- 


ing, involves use of pre-heated thermosetting plastics injected | 


into the molds. It permits closer tolerances, more delicate 
inserts and speeds the molding cycle. 


2. INJECTION MOLDING 


Powdered thermoplastic material is fed in metered quantities 
from the hopper into the heating chamber where it becomes 
liquid. The ram forces it through the nozzle into the feed 
passage (sprue) and through runners into mold cavities 
where it hardens. Sprues and runners are trimmed off, re- 
ground and used again. While piece is being ejected, a new 
charge is placed in heating chamber. 

SUITABLE FOR thermoplastic materials only, although 
” molding of thermosetting plastics has been perfected 
recently. | 

ADV ANTAGES —Speed of molding. On automatic presses 
pieces can be molded at rate of two to six per minute. Molds 
do not require heating. Machinery and pressures not so large 
as in compression molding. 

DISADVANTAGES —Limited size of parts. Largest com- 
mercial machine is about 16 oz. although several 32 oz. ma- 
chines are in operation. Parts with heavy wall thicknesses, 
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and complicated sections usually must be compression molded. 








3. EXTRUSION 


This method is used to produce continuous rods, tubes, strips 
of almost infinite cross-section from thermoplastic materials. 
Worm churns material as it passes through heated cylinder 
and forces it through die. Material is taken off on a conveyor 
and slowly cooled by blowers or baths. 

SUITABLE FOR certain thermoplastic materials only, up 
to the present time. See Product Engineering, July 1943, 
“Plastics Tubing” p. 438-442. : 




















4. CASTING 


Certain thermosetting materials are cast immediately in their 
liquid condition by the material supplier and furnished to 
the fabricator in solid forms of various cross-section. The 
liquid resin is poured directly into a lead alloy form, which 
is placed in a vulcanizer and baked for 4 to 12 days. Poly- 
merization occurs during this long cure. See Product Engi- 
neering, June 1941, “Cast Phenolics”, p. 309-313. Also see 
page 7 of this section. 

ADVANTAGES of this process, which is principally ap- 
plied to phenolic materials, are lower initial tool costs, since 
molds are relatively inexpensive. The method is particularly 
















advantageous for large parts of relatively simple shape. 
Standard forms are available for many pieces. 

DISADV ANTAGES —Cast parts require more fabricating, 
the process is slow and limited to shapes that can be cast with 









relative ease. 







5. LAMINATION 










Plastics can be laminated to paper, cloth, asbestos, glass 
fabric, wood and metal. The plastic resin serves principally 
as a binder. 
ADVANTAGES —Base material and plastic are bonded 
into strong homogeneous sheet which can be easily ma- 
chined. Simple forms can be had by shaping impregnated 
sheets before resin has fully cured. Surfaces range from 
high-polish to matte finish. See Product Engineering Aug. 
1940 “Laminated Plastics” p. 360-364. Also see p. 8 of this 
section. 













6. PULP MOLDING 


This method employs a vacuum process as used in papier 
mache manufacture. Recently manufacturers have impreg- 
nated the pulp with resin to produce articles of the intricate 
shape of molded parts plus the strength of laminated parts. 
The resin used is generally a phenolic type. Furniture, auto- 
motive body sections and refrigerator panels have been pro- 
duced experimentally by this method. 














AVERAGE PROPERTIES OF PHENOLIC PLASTICS* 


— ANNAN ANN NA rc 











Trade Names — Bakelite. Durez. Durite. Insurok. 


Resinox. Textolite. General Heat Shock 


Purpose Resistant Resistant 





Outstanding Characteristics —Thermosetting. low in 
o 


cost. Most widely used molding materials because Specific Gravity 1.25-1.52 1.59-2.09 1.37-1.40 
s of the wide range of properties available through Tensile Ib. per sg. in. 4,000-11,000 4,000-10,000 5,000-8,000 | 


fillers and special formulations. Easily molded to Compressive per sq. in.  [16,000-36,000 | 18,000-36,000 | 20,000-32,000 
complicated shapes. Good strength through wide Tismerai par sq, fn. A | AAA Gi 






range of temperatures. Impact — IZOD, f. lb. 0.15-0.25 0.13-0.72 0.8-4.8 


Dielectric, short time 







volts per il, 1/” thickness 300-500 250-400 150-400 
Colors — Brown, red or black. Some translucent and Bildende Cunt 5.12 5.20 5.10 
mottled colors have been developed. 60 cycles 
Power Factor 0.04-0.30 0.10-0.30 0.08-0.30 


4 li ti El t " l t I t t } 60 cycles 

Applicatlons — Electrica Jarts; nstrume ous- ene 
APE ne | — — Water Absorption 0.2-0.6 0.01-0.3 0.05-2.5 
ings: Che à SIS ME 'e parts: 7 NM p š 

ngs emically resistant parts Automotive parts: Safe Top Operating Tempefature, deg. F 230-450 








Machine parts; Appliance parts; Closures; Knobs 
and handles; Agitators. 


EFFECT OF FILLERS ON PHENOLIC MATERIALS 


L- ^ — 1 Advantages and limitations in molded part 


WOOD FLOUR 
(Cellulose) 


COTTON and RAG 


ASBESTOS 
MICA 


GRAPHITE 


* Tabulated strength values for plastics materials should only be used for qualitative study, 
since strength of molded part will vary with formulation, cure, atmospheric conditions, design. 











Low specific gravity, hence more moldings per lb. Good moldability, easily 
machined, low heat conductivity. Impact strength is only fair. Moldings 
may shrink. Limited in strength and range of color. 






















Improve impact strength. Cotton filled material is easily buffed and 
polished. Can be tableted easily. Better moisture resistance. Rag-filled ma- 
terials while having high impact strength have poor surface finish and are 
difficult to machine. Poor flow prevents their use for intricate parts. 





For heat resistant parts. Also add a good degree of water and acid resist- 
ance. Have poor flow in molding; high specific gravity. 





For high electric resistance in products where low-loss is paramount. Ma- 
chinability very poor. Parts may be brittle. 








Used in combination with other fillers. Adds acid resistance, improves 
moldability because of lubricating qualities. Poor heat conductivity. 





THESE ARE FOUR BROAD COMPOUND GROUPINGS OF THE PHENOLIC MOLDING PLASTICS 


GENERAL PURPOSE — Cellulose filled, and suitable for 
ordinary electrical and mechanical applications, includ- 
ing switch plates, sockets, door knobs, closures, print- 
ing plate matrices, automotive insulation. 


SHOCK RESISTANT — Chopped paper or fabric fillers 
compounded with phenolic resins provide resistance 
to shock and impact. These materials have Izod impact 
strengths ranging from 0.8 to 4.8 ft. lb. Applications 
are telephone parts, handsets, tool-housings, heavy-duty 
flashlight cases, oil-well drilling equipment. 


HEAT RESISTANT — Mineral filled phenolics are used 
when higher heat resistance (390-475 deg. F.) and 
better water resistance are desired. They have a low 
coefficient of expansion and show relatively low shrink- 
age after molding. Typical applications include molded 
commutators, heat connectors, outdoor insulation parts, 
cooking utensil handles. 


SPECIAL PHENOLICS— These include high-frequency in- 


sulation material (low-loss) used for radio insulation 


ORES opis 





impact-resistant Bakelite phenolic used 
in a circuit-breaker handle. 
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Chonical-rosicion Durez phenolic 
molded into rayon machinery parts. 


and applications requiring low power factor, high 
dielectric strength, high resistivity, and low water 
absorption. 


Chemical resistant phenolics are used for parts in 
contact with alcohol and other liquids. Water absorp- 


tion is low. 


Special acid resistant materials have been developed 
for use in rayon and textile manufacture, resisting 10 
percent concentration of sulphuric acid. Alkali resis- 
tance is fair. 


Transparent phenolic molding materials have re- 
cently been developed. They have no filler, have high 
index of refraction and color ranging from amber to 
ruby and green. Applications so far have been prin- 
cipally to automotive tail light lenses, traffic light 
signals, instrument housings, containers, drawer pulls. 


Low friction molding materials are used in refrig- 
erator and automotive door ferrules, furniture casters, 
bearings. 
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for instrument housings. 


CAST PHENOLICS 


Trade Names: Bakelite, Catalin, Opalon. 














Outstanding Characteristics — Available 
in brilliant colors in a wide range of 
forms. Easily machined and polished. 
Can be bent when heated. Cannot be 
molded but are cast in lead forms. Rock- 
well hardness after curing is + B50—100. 


Impact Izod, ft. lb. 


Colors — Transparent, translucent and 
opague in any color, plain or mottled. 


Power Factor 60 cycles 


Applications — Accessories, Appliance 
parts, Trays, Handles, Gears, Racks, 
Radio cabinets. Lighting fixtures, Nov- 
elties, Instrument housings, Knobs. 





Specific Gravity 
Tensile, Ib. per sq. in. 


Flexural, lb. per sq. in. 


Dielectric Strength 
volts per mil, !&" thick 


Dielectric Constant 60 cycles 
Water Absorption, 24 hr. % 


Max. Safe Operating 
Temperature, deg. F. 


PROPERTIES OF CAST PHENOLICS 








Special Purpose 
Chemically Resistant 


Opaque 


General 
Purpose 
Opaque & 
Translucent 









General 
Purpose 
Transparent 











Translucent 






















1.3 1.3 27 1.70 
3,500-5,000 3,500-5,000 5,000-7,000 6,000-9,000 
7,000-9,000 5,000-7,000 9,000-14,000 10,000-12,000 








0.15-0.20 0.17-0.23 0.15-0.20 0.19-0.24 











































200-250 175-200 275-300 120-142 
0.25-0.35 0.25-0.50 0.10-0.15 0.07-0.74 
15-20 20-30 78 30-31 
2.5-8.0 10-16 0.70-1.0 2-2.2 
160-265 160-265 160-265 160-265 





Trade Names: Celeron, Dilecto, Formica. Micarta. Phe- 


nolite, Synthane, Textolite. 


Outstanding Characteristics —One of the strongest plas- 
tics. High shock resistance, high wear resistance, low 


water absorption—good dielectric characteristics. Avail- 


able in sheets, rods. tubes. Wide range of properties 


obtained by lamination with paper, fabric, glass fabric, 
canvas. Can be machined. Punching grades are avail- 


able. 


Colors—Usually opaque and in dark colors. Thin sheets 
are translucent. Variety of colors and grainings can 


be obtained. 


Applications — Electrical parts; Chemical plant parts; 
Automotive parts; Switchgear; Architectural panels; 
Instrument Dials; Gears; Textile Spools; Refrigerator 
parts; Industrial truck wheels; Radio parts; Trays. 

For applications where good mechanical properties 
are desired, the fabric base grade is suitable when 


electrical properties are of secondary importance. Where 


electrical properties are of primary importance, the 
paper base grades are used. 
Nomenclature has been standardized by N.E.M.A. 


as follows: 


PAPER BASE 
X, XX: moisture resistance, dimensional stability 
and electrical properties increase with number of 
X's. (letter P follows X's) (P means punching 


grade) 


FABRIC BASE 
C: laminations are heavy weave fabrics 
CE: heavy weave specially processed to improve 
electrical qualities 
L: laminations fine-weave fabrics 
LE: fine-weave specially processed to improve elec- 
trical gualities 

ASBESTOS BASE 


A: asbestos paper 


AA: asbestos cloth, better mechanical properties 


PROPERTIES OF LAMINATED PHENOLICS 


TENSILE COMPRESSIVE FLEXURAL 


GRADE JASE lb. per lb. per lb. per 
sq.in. sq.in. sq.in. mil 


Paper 24 21,000 
Paper t 15,000 
Paper , 16,000 
Paper 5, ee 22,000 
Paper i 32,000 15,000 
Fabric y 36,000 17,000 
Fabric 11,000 36,000 20,000 
Fabric 10,000 35,000 18,000 
Fabric 10,000 30,000 20,000 
Asbestos 8,000 36,000 16,000 
Asbestos 10,000 38,000 20,000 


DIELECTRI( 
volts per 


WATER 
ABSORPTION 


% 24 hr. 


TYPICAL APPLICATIONS 


Panels, contactor parts, general electrical uses. 

Spool heads, switch links, spacers. 

Relays, vibrators, switches, cross bars. 

Radio and television parts. 

X-Ray parts, radio parts. 

Gear blanks, motor slot wedges, bearings. 

Rayon buckets, valve disks, electroplating barrels. 
Fine-pitch gears, intricate pafts, bearing retainers, stability. 
Rotary pump blades, parts high dimensional stability. 
Electrode holders, coil collars, valve disks. 


Bearings, parts exposed steam, highest dimensional stability. 





Trade Names: Bakelite, Beetle, Plaskon. 


Outstanding Characteristics — Good electrical properties, especially 
resistant to "tracking," wide range of color, good surface hardness 
and rigidity. Resistance to water and heat not as good as phenolics. 


Color Range — Pure white, pastels ranging to darker colors. Trans- 
lucent or opaque. 


Applications — Closures; Radio cabinets; Lighting fixtures; House- 
hold appliances; Electrical parts; Handles; Scale housings; Radio 
cabinets; Housings. 


PROPERTIES OF UREA COMPOUNDS 


Specific Gravity . Ue Ubi s rus «od: 1.45-1.50 
Teneile lb, per sq. in. .............s-..ss.. — SANUS 
Gss Ik.per dg. JE tri 20,000-35,000 
Flexural lb. per sq. in. ... laa 10,000-15,000 
Impact Izod, ft. lb. 0.28-0.32 
Dielectric volts per mil 60 cycles ............. 400-720 


Max. Safe Operating Temperature, deg. F. .... 170 


Trade Names — Catalin, Melmac, Monsanto. Plaskon. 


Outstanding Characteristics — Appearance values of thermoplas- 
tics with heat and electrical resistance of thermosetting materials. 
High arc resistance, excellent acid and water resistance. Good 
dimensional stability. 


Colors — Light pastel shades to dark colors. 


Applications — Electrical parts; Aircraft parts; Automotive parts; 
Light fixtures; Closures; Tableware. 


PROPERTIES OF MELAMINE 
Specific Gravity 1.76-1.98 
TONNEN D MO Ros eer CORR Swan 5,500-10,000 
Compressive lb. per sg. in. ............... y 30,000 
Flexural lb. per sq. in. ..................... 7,500-16,500 
eget IE Ne a eee A E 0.28-0.40 
Dielectric volts per mil, 60 cycles .............. 340-410 
Safe Top Operating Temperature, deg. F. ...... 210-380 


































METHYL METHACRYLATE 


Trade Names — Crystalite, Lucite, Plexiglas. 


Outstanding Characteristics — The acrylic resins possess some of 
the most desirable optical properties of the transparent plastic 
materials. Because of crystal clarity, stability, resistance to weath- 
ering and moldability, acrylics have attained wide popularity as 
an organic glass. Since acrylics are thermoplastic in nature, they 
can be easily fabricated into complicated shapes or forms wherein 
transparency and “light-piping” are useful characteristics. Subject 


to abrasion, as are all thermoplastics. 
Colors — Transparent, color range unlimited. 


Applications — Aircraft cockpit enclosures, “Blisters,” Instrument 


dials and bezels, Transparent housings, Molded reflectors. 


POLYSTYRENE 


Trade Names — Bakelite, Loalin, Lustron, Styron. 


Outstanding Characteristics — Excelient dielectric properties and 
optical clarity, low water absorption. The material exhibits in- 
crease of strength as temperature decreases and has excellent 


chemical resistance. 
Colors — Clear transparent and all shades. 


Applications — Insulating foil, coil insulation. Coil supports for 
high frequency apparatus and instrument housings, Supports for 
the conductor in coaxial cables, and Acid-proof closures, Refrig- 


erator parts, and Instrument lenses. 


VINYL MATERIALS 


Trade Names — Butacite, Koroseal, Vinylite. 


Outstanding Characteristics — Unusual chemical inertness, good 


elasticity at low temperatures, possess toughness and excellent 
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dimensional stability. Applications include control wheels and 
molded gaskets, aircraft enclosures, charts, electrical insulation. 
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CELLULOSE ACETATE AND PSX 
ETHYL CELLULOSE 


Color — Transparent, translucent in all shades. 


Trade Names — Bakelite, Ethocel, Fibestos, Hercules, Lumarith, 


Nixonite, Plastacele. Tenite. 


Outstanding Characteristics — Acetates have toughness and resili- 
ency, ease of molding, good impact strength, low moisture absorp- 
tion, good dielectric strength. Cellulose acetate-butyrate has high 
impact strength. Ethyl cellulose has inertness to alkalis and dilute 


acids, strength and flexibility at low temperatures. 
Colors — Very wide range, translucent, transparent or opaque. 


Applications — Flashlights, Wire insulation, Household equipment, 
Instruments, Telephone sets, Housings, Handles, Knobs, Aircraft 


parts, Tubes and fittings, Dials, Automotive parts, Truck parts. 


VINYLIDENE CHLORIDE 


Trade Name — Saran. 


Outstanding Characteristics — High tensile strength, high fatigue 
and abrasion resistance and resistance to water and chemicals. In 
extruded form, this material has been found to be an excellent 
alternate for brass and copper tubing. Molded fittings and tubing 


up to 2 in. in diameter are available. 


Applications — Tubing and pipe, Valve seats, Spray gun handles, 


Screening, Battery cases, Plating racks, Fuel pump parts, Tapes. 
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PROPERTIES OF THERMOPLASTICS 














SAFE TOP 
OPERATING 
TEMPERATURE 
deg. F. 
















TENSILE 
Ib. per. 
sq. in. 


COMPRESSIVE | FLEXURAL IMPACT 
lb. per. Ib. per. ft. lb. 
sq. in. sq. in. Izod 


DIELECTRK WATER 
volts per ABSORPTION 
mil % in 24 hr. 












MATERIAL 




















3,000-11,000 
1,200-9,900 
2,500-14,000 
5,800-8,800 
5,300-10,000 
8,000-10,000 
1.000-40,000 





5,000-18,000 
5,000-12,500 
4.000-12,000 
9.000-15,000 
8,000-9,500 
16,000-14,000 
15,000-17,000 


275-900 
250-900 
400-600 
500 
500-700 
400-500 
500 


140-180 
140-180 
140-200 
120-160 
150-190 
130-150 
240-280 


Cellulose Acetate 11,000-27,000 
12,500-23,000 
10,000-12,000 
13,000 
11,500-18,000 
11,000 


7,500-8,500 





1-9.5 
3.6-8.0 
0.4-0.6 
0.2-0.4 
0.3-0.6 
2-8 


Cellulose Acetate-Butyrate 


Ethyl Cellulose 



























Methyl Methacrylate 









Polystyrene 















Vinyl Copolymer 











Saran 








COMPARATIVE PROPERTIES © 


Atmospheric conditions, operating conditions, formulation, mold.. of P 


ing and curing, to a greater or lesser extent, influence the behavic 9 


1. WEIGHT 


On a weight basis, plastics offer the designer con- 
siderable advantage over metal, but they can never 
be selected on this basis alone. Advantage can be 
taken of the high strength-weight ratios of plastics 
in the design of component parts for aircraft and 
transportation equipment. In aircraft, plastics are 
successfully used in non-structural applications 
such as flooring, conduit, pulleys. Acrylic sheets, 
used for cockpit and “blister” enclosures, are 
standard not only because they have less than half 
the weight of glass, but because they can be 
easily formed to complex shapes. V here moving 
parts reverse direction, inertia forces are set up; 
plastic parts often help to prevent vibration. 


Specific Gravity 
e 


2. TENSILE STRENGTH 


This is one of the properties of a plastic material 
that is subject to considerable variation depend- 
ing on manufacture, molding technique, degree 
of polymerization, amount and kind of fillers and 
plasticizers present, temperature, and moisture. It 
may be said generally that plastic materials de- 
velop tensile properties during formation of the 
molecular structure of the resin. Where polymeri- 
zation takes place during the molding, as in the 
phenolic and urea resins, tensile strengths will de- 
pend to some extent on molding technique. Fillers 
have great effect on impact strength, flexural 
strength and flow. Plasticizers which are added to 
thermoplastics to obtain desired flow properties 
often affect strength of the molded part. Tempera- 
ture has a marked effect on physical properties. 
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Ethyl cellulose 


Polystyrene ` 


Laminated phenolic 
chloride (u 


Phenolic 
wood flour 
Phenolic fabric 


3. COMPRESSIVE STRENGTH 


Laminated phenolics, particularly those which are 
canvas-reinforced, have high compressive strength 
— a characteristic which has led to their adoption 
as washers, gears, bearings, and in certain ma- 
chinery applications. In molded parts, best com- 
pressive strength is shown by wood-flour filled 
phenolics and ureas. Thermoplastics have dis- 
tinctly lower compressive strengths. Temperature 
affects compressive strength much as it does other 
physicals. For parts in which heavy loads must be 
taken, many designers mold thermoplastics over 
metal inserts which carry most of the load. 


Vinylidene chloride (unoriented) 
Methyl methacrylate 


Phenolic fabric 
Laminateo 


wood flour 
Polystyrene 





¢ OF PLASTIC MATERIALS... 
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4. IMPACT STRENGTH 


Fillers and plasticizers play an important part in 10 
determining the impact strength of plastic parts. i 
In phenolics, fibrous fillers increase impact 
strength; in thermoplastics, greater proportions of 
plasticizer improve impact characteristics. For ex- 
ample, a molded phenolic with long fabric filler 
has approximately ten times the impact strength 
of wood-flour filled, three times the impact 
strength of cotton-filled, and twice the impact 
strength of shredded-fabric filled phenolic. Cer- 
tain formulations of ethyl-cellulose, cellulose ace- 
tate, and butyrate show high impact strengths. 













Izod Impact Ft. Lbs. per In. 
of Notch Y xY In. Bar 
nh 
e 





Phenolic wood flour 
Phenolic mineral 





5. ELECTRICAL PROPERTIES 


Electrical properties in molded parts depend to a 
great extent upon proper design, operating tem- 
peratures, and conditions of humidity. Generally 
speaking, high operating temperatures adversely 
affect electrical properties. For example, dielectric 
constants of the phenols change considerably with 
rise in temperature. At high operating tempera- 
tures, dielectric strength is adversely affected, as 
is insulation resistance. The amount of moisture 
absorbed by the material also affects electrical 
properties: dielectric constants and power factor 
of phenolic molded increase in proportion to the 
amount of water absorbed. The water absorption 
of some of the plastics reduces surface resistivity. 


Dielectric Strength 


Short-Time Volts per Mil 
Va-In. Thickness 1,000,000 Cycles 


Phenolic 
wood flour 





6. MOISTURE RESISTANCE 1.6 


The amount of moisture absorbed by the material 14 
will aflect dielectric qualities, appearance, and 








sometimes dimension of the molded part. Poly- Š "XT. 5 
strene and vinylidene chloride show the highest SL 3 
° ° a a a - 
moisture resistance of all the plastics, the cellu- t. 10 $ - 
lose acetates behaving poorly in this respect. Some 2% + So S 
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laminated phenolics are compounded for low 2-0 08 2. 2 
water absorption for better electrical properties. m v © E 
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Phenolic 


fabric filled 


of plastics in service. The bar charts show range of strength, and 
o indicate qualitatively the relative standing of each material. 
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Cast phenolic 


Methyl methacrylate 


Polystyrene 


Vinylidene chloride 


Cast 
Phenolic 
Urea 
Vinyl 


Methyl methacrylate 


Methyl methacrylate 


Cellulose 
acetate 









Polystyrene 
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Vinylidene chloride 





RECENT DEVELOPMENTS IN PLASTICS 





(R 39—thermosetting resins, colorless and 
transparent, developed by Pittsburgh Plate Glass. 
Cast in sheet form they do not craze, are high- 
ly resistant to chemicals, have high impact and 
abrasion resistance. By special process, the sheets 
can be formed in bent shapes. They show promise 
as a laminating resin for plywoods, fabrics and 
paper. Electrical properties approach those of 
the phenolic resins. ( Product Engineering, April 
1943, p. 223.) 


SISAL-FILLED PHENOLICS— Columbian Rope 
Company has converted sisal batting into a form 
which can be easily impregnated with resin to 


produce a tough, high-impact plastic. 


TYGON-— a thermoplastic material with corrosion 
resistance of chemical stoneware and characteris- 
tics of rubber, developed by U. S. Stoneware Co. 
Has been used for tank linings, valve dia- 
phragms, gaskets. Available as tubing in rigid 
or flexible form. (Product Engineering, Feb. 
1943, p. 88.) 





| © All plastics manufacturers have developed many new formulations to meet 
| extreme operating conditions, such as wide temperature ranges, high acid 
resistance, high abrasion resistance, severe electrical service and the like. 


| 

| Progress in formulating resins for ease of molding and extruding has also 
| 

| been noteworthy. Important improvements are being made almost daily. 
| 


HEAT-RESISTANT LUCITE — Special formulations 


of thermoplastic developed for war work by 


duPont. They do not soften appreciably or dis- 
tort at 212 deg. F. This is 30-40 deg. F. above 


the useful temperature for other thermoplastics. 


ELECTROSTATIC HEATING — A method of curing 
thermosetting plastics by utilizing electronic 
energy. The entire mass is heated at a uniform 
rate to a uniform temperature throughout. Par- 
ticularly valuable for curing plastics, since other 
methods may “overcook” the outer edges and 
“undercook” the interior. Molding cycles can be 
completed in a matter of seconds instead of min- 


utes. (Product Engineering, Jan. 1943, p.40.) 


JET MOLDING—Method of continuous injection 
of thermosetting materials involves complete 
heating of the material before it enters the mold. 
This has not been entirely possible previously 
with thermosetting materials. Polymerization is 
effected quickly. Time of molding cycle is con- 
siderably reduced. 

















SELECTING A PLASTIC FOR YOUR PRODUCT 


Every new product development poses new prob- With regard to a specific plastic, the engineer 
lems in materials selection, design and method must investigate — 


of production. These problems require determi- 


tion of 1. Physical, thermal, electrical and chemical 
na — I 


properties. 


1. The function of the product or part. sad ) 
2. Design limitations of the material. 


2. Operating and service conditions. f 
3. Economy of production: cost of molds, tools 


š Cost limits. and tooling. 


4. Ease of production. 4. Cost of plastic material with reference to simi- 
lar products made of other materials, taking into 
consideration the advantages the plastic product 
6. Availability of production equipment or facil- may have in structural qualities, lightness of 


ities. weight, appearance and other properties. 


5. Availability of materials. 


O The table below, for qualitative study only, shows the relative standing of 
various plastic materials with regard to certain characteristics. Selection of the 
proper plastic, as with any material, involves a series of compromises. The 
materials supplier and molder should be consulted before final choice is made. 


PLASTICS COMPARATOR 


(Numerals indicate order’ of choice) 











PLASTIC 
MATERIAL 
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TRADE NAMES AND SUPPLIERS OF MOLDING MATERIALS 


PHENOLICS 1 POLYSTYRENES 


Bakelite P or rr so Gs. Nov YV... Bakelite... Bakelite Corp., New York 
Coltrock...........Colt’s Patent Fire Arms Mfg. Co., Hartford, Conn. Loalin Sheth Y ..Catalin Corp., New York 
Durez... .. .Durez Plastics & Chemicals. Inc., North Tonawanda, N. Y. LL ET TTTTT TT Memento Chemical “Co, East Springfield, Mass. 
Durite... ç m. o ts „Durite Plastics, Philadelphia, Pa. Styron... ° een n n n Dow Chemical Company, Midland, Mich. 
DI ami a av .Haveg Corp., East Newark, Del. 
Indur...... Reilly Tar 8 € hemical Corp., Indianapolis, Ind. 
Insurok. .. ee] nn oo Richardson Co. Melrose Park, Ill. CELLULOSE ACETATES 
Mekalot i s a : Makalot Corp., Boston, Mass. Bekelite. ...... oco sooo tts ro c Malleiite Corp... New Tork 
Michro« -— Michigan Molded Plastics, Inc., Dexter, Mich. Cobbukas.................... Wata Pisa Eo. Dent Mni. 
ON ool meme Chasis C». =n pagana, Maso, Fibestos............. „Monsanto Chemical Co., East Springfield, Mass. 
ee ee er General Electric Co., Pittsfield, Mass. DO os ao vie oz .Gemloid Corp., New York 
Lomerith....... s o2» x > planes se Celluloid Corp., New York 
CAST PHENOLICS Macite e Menefeetera rs Chemical Corp., Jersey City, N. J. 
| eee GAIA „Bakelite Corp., New York Nixonite..... vial .Nixon Nitration Works, Nixon, N. J. 
A . x „Catalin Corp., New York Plestassslo. ........ E. Kl. duPont de Nemours & Co., Arlington, N. J. 


Opalon .... 2. . Monsanto Chemical € o., East Springfield, Mass. Tenite l............... Tennessee Eastman Corp., Kingsport, Tenn. 


a s.s. ° —— € ‘Catalin Corp., New York 


UREAS CELLULOSE ACETATE-BUTYRATE 


MCN Bakelite Corp., New York Tenite M............... Tennessee Eastman Corp., Kingsport, Tenn. 


Beetle ee nenie „American Cyanamid Co., New York 

Cibanoid — .Ciba Corp. New York 

Plaskon... i s $5» „Plaskon Co., Toledo, Ohio ETHYL CELLULOSE 

Uformite.. an Dela eden & Chemicals Co., Philadelphia, Pa. Ethocel........................ Dow Chemical Co., Midland, Mich. 
Hercules...... een n n n nns .Hereules Powder Co. Wilmington, Del. 


MELAMINES A A CETT ET TETTE TT TT IT IIT, Celanese Celluloid Corp., New York 
Catalin Catalin Corp., New York 


Melmac ks ceno m n er American Cyanamid Co., New York 
Monsanto . . Monsanto Chemical Co., East Springfield, Mass. A MATERIALS 
Plaskon Plaskon Co., Toledo, Ohio Aqualite 
Cellanite 
ACRYLICS Celeron Continental Diamond Fibre Co., Newark, Del. 
Coffite Formica Insulation Co., Cincinnati, Ohio 
Crystalite... . . .Rohm & Haas, Philadelphia, Pa. Dilecto....... ....... Continental Diamond Fibre Co., Newark, Del. 
Lucite....... ee E. l. “duPont de Nemours & Co., Arlington, N. J. Duraloy................. «Detroit Paper Products Co., Detroit, Mich. 
Plexiglas °° een n nnn Rohm & Haas, Philadelphia, Pa. Formica. .. Formica Insulation Co., Cincinnati, Ohio 
BM A VD «Richardson Co., _Melrose Park, Il. 
VINYLS Lamicoid » New York 
Lamitex...........+.. «Franklin Fibre-Lamitex Corp., W uie. Del. 
Micarta Westinghouse Elec. & Mfg. Co., E. Pittsburgh, Pa. 
Ohmoid Wilmington Fibre Specialty Co., Wilmington, Del. 
Panelyte Panelyte Corp., New York 
Phenolite National Vulcanized Fibre Co., Wilmington, Del. 
RN sevi rr weed Spaulding Fibre Co., Tonawanda, N. Y. 
Synthane Synthane Corp., Oaks, Pa. 
TIN coiootuérevosv eoo coss MEME RENE QU. DINE, TX. 
Textolite General Electric Co., Pittsfield, Mass. 
VINYLIDENE CHLORIDE Ucinite Ucinite Co., Newtonville, Mass. 
. Dow Chemical Company, Midland, Mich. Vulcoid................ «Continental Diamond Fibre Co., Newark, Del. 


PP PE Ks ee n. Shawinigan Prod. Corp., New York 
Butacite . ..E. I. duPont de Nemours € Co., Wilmington, Del. 
Di +...» 0. .c.o........0..... «MM Prol. Colp New Tork 
O s a a EM Shawinigan Prod. Corp., New York 
o PO A 
Koroseal B. F. Goodrich Co., Akron, Ohio 
Vinylite Carbide % Carbon Chemical Corp., New York 


INDEX TO DESIGN ARTICLES ON PLASTICS WHICH HAVE APPEARED 
IN PRODUCT ENGINEERING DURING 1942.1943 


Properties of thermosetting materials 

Choice of plastic materials as affected by fabrication 
Laminated Plastics an. Operation chart for plastics in Army € Navy items........ 
Plastics in Defense . 
Urea Plastics "eb. : 
Alternates for light metals ° -1943- 
Register now made of steel and plastics.................Apr. 2 Electrostatic High-Frequency Heat Makes Possible 
Significant Replacements by Plastics.................... > 1 New Designs 
eT eT eT TT ere 3 v pi e yd 7 Abrasion Resistance of Flexible Vinyl Plastics........... Jan. 
Vinylidene Plastics ...... A ) 5 Electrical Proportion of Plastica .......... eren tnn Mar. 
Compression vs. injection melálne. . i 3: New Series of Thermosetting Materials Covers Wide Range.. 
Aircraft EE i a on a ae 1 Transparent Aircraft Inclosures — I 
Strength of Plastics ..... — ` Typical Mountings for Transparent Aircraft Inclosures II.... 
Designing molded plastic parte. II 5d NS Choosing Plastic Tubing for Specific Purposes 


USEFUL REFERENCE BOOKS ON PLASTICS E 


Reprints [1 
TITLE AUTHOR PUBLISHER able at 10 cents each 


Plastics for Industrial Use John Sasso ....... McGraw-Hill Book Co., 1942 
Plastics in Engineering. .......J. Delmonte Penton Pub. Co., 2nd edition 
Plastics J. H. DuBois.......Amer. Technical Society, 1942........ $3. Addres ; 
Handbook i Ellis-Simonds Van Nostrand, 1943 V PRODUCT ENGINEERING 

Plastics Mold Designing.......G. B. Thayer Amer. Industrial Publishers, 1941 (18) N.Y. 
Plastics Catalog DIA PD O TTT TETT TTT $5.00 


TTHDL price 


w. quont ties 


Publisher — 
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INDUSTRY AND SOCIETIES 


NEWS - READER LETTERS - MEETINGS 


Improved Formulations Will Expand 
Post-War Uses of Nylon 


CHARACTERIZED by the highest soften- 
ing point and the greatest toughness 
of any of the thermoplastics, Nylon 
now used for several secret military 
purposes, is expected to enter a vast 
new field as a plastic after the war, 
according to a recent announcement 





Some of the newly developed uses 
for Nylon are shown in these illus- 
trations. At the left, arranged clock- 
wise, beginning at the paintbrush 
with tapered Nylon bristles, are para- 


chute harness webbing, parachute 
shroud lines, heavy Nylon rope for 
military gliders, cargo parachute 


cloth. camouflaged Army air force 
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of E. L du Pont de Nemours & Com- 
pany. The present Nylon plastic does 
not soften until the temperature 
reaches around 450 deg. F. This ap- 


proximates the charring point for 
some thermosetting materials. But 


other formulations having even higher 


escape parachute cloth, and light Ny- 
lon rope. In the center are, left to 
right, experimental molded Nylon 
plastic bearing, carburetor diaphragms 
of Nylon fabric, and surgical sutures. 
The illustration at the right shows 
from top to bottom, at the left, ex- 
truded strips of Nylon, coated fabric 
made by applying Nylon in solution, 





softening points. may be developed. 
Nylon's toughness can be used espe- 
cially where sections must be thin, yet 
strong. 

Other advantages include lightness 
—its specific gravity is 1.06 to 1.19; 


slow burning; resistance to aging and 





insulated wire, and a coil spring. In 
the center, from top to bottom, are 
Nylon film, extruded rattan, braided 
machinery packing made from the 
fiber, various sizes of extruded tubing, 
and two rods. At the right are a coil 
of narrow tubing, an electric motor 


bearing of the plastic. and Nylon 


window screen. 
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sunlight; inertness to metal inserts; 
resistance to oil, grease, most solvents, 
alkalis and weak acids; easy machin- 
ability; and good electrical properties. 
It can be molded in existing presses 
with a few modifications. 

Bearings of Nylon were the first 
strictly plastic application. A few were 
made before the war, and installed for 
testing at du Pont rayon plants. Evalu- 
ation of these bearings continues. They 
require no lubricant for a light load 
at high speed or a heavy load at low 
speed. Several small parts of impor- 
tant military equipment have been 
made from Nylon molding powder. 
The exact nature of these parts is a 
secret, but it is reported that their 
performances are uniformly good. 
Tubing is another plastic form in 
which the military has used Nylon. 
Films are characterized by chemical 
and moisture resistance and tough- 
ness. Nylon in solution, which forms 
a film when applied, is currently used 
to insulate electrical wires, which are 
coated by running them through a 
solution at the rate of a mile a min- 
ute. Good electrical properties, resili- 
ence and absence of fatigue adapt the 
material to this use. Nylon in solution 
also is used to coat fabrics. 

Among the many Nylon plastic ar- 
ticles either in limited use or suggested 
for the future are the following: 
Strips have been tested on outdoor 
furniture: they do not deteriorate 
with age. are elastic and weather-re- 
sistant and are smooth and easy to 
clean. Fabrics coated with Nylon are 
shiny, but they wear well and do not 
crack or scuff: they can be made to 
resemble kid or calf, and are sug- 
gested for shoes, handbags and lug- 
gage. Carburetor diaphragms of Ny- 
lon fabric coated with Nylon or Neo- 
prene are in use. Zippers have been 
molded experimentally of Nylon. Win- 
dow screens of Nylon can be pro- 
duced in any color; they will not 
stain the surrounding woodwork, will 
not corrode. require no painting and 
tests indicate they have remarkable 
durability. Tire cords of Nylon are 
the strongest yet made. On 25-ton 
planes that land at speeds of 100 
m.p.h. or more on small, front-line 
fields, when the brakes jam on the 
tread portion of the tire carcass actu- 
ally buckles and folds back on itself. 
Nylon withstands this service. 


Movie Explains Functions 


Of Electron Tubes 


“ELECTRONICS AT WORK,” an educa- 
tional motion picture released by 
Westinghouse, explains the six basic 
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functions of electron tubes and 
shows how each type of tube is used 
in some of the latest industrial and 
military applications. 

Animated drawings showing tube 
construction are used to explain how 
the cathode, anode and grid elements 
rectify, amplify, generate, control, 
transform light into electric current 
and transform electric current into 
light. Precipitron, radio and radio- 
telephony, high-frequency induction 





heating, resistance-welding control, 
television and industrial and medica] 
X-ray are a few of the electronic de. 
vices which are illustrated and des. 
scribed to show how the tubes perform. 

This 20-min. sound film is available 
free in 16-mm. print for showing at 
war plants and engineering and tech. 
nical societies on application to De. 
partment 7-N, Westinghouse Electric 
% Manufacturing Company, East 
Pittsburgh, Pa. 





Discussions and Comments From Readers 


MANY SOLUTIONS SUBMITTED 
FOR JONAS CIRCLE PROBLEM 


Numerous solutions 
to the cirele problem submitted by 
Hans Jonas and published in P.E., 
July, 1943, p. 457, have been received. 
Several of them are published here- 
with. The first is an analytical solu- 
tion. 





To the Editor: 


If the circle problem submitted by 
Mr. Jonas in the July issue of P.E. is 
set up for a general solution, letting 
d. b, c and d represent the circles, it 
can be shown by the rules of analyties 
that the solution for d in general is 
simple. Fig. 1 shows the lengths of 





the various distances in terms of a, b, 
c and d. The coordinates of the cen- 
ter of cirele d are x and y. Then 


*3 )- (A>) (2) 
r (y Cay a 


^ 
I 





solving (1). (2) and (3) simultane- 


ously for x and then eliminating x, we 
find 
2b 
NES T5 (b—c) 
(a—5) (4o 
substituting values of a, b and c from 
Mr. Jonas’ problem we find 


d - 


7 
—C. A. WIKEN 


Epiror’s Note—A similar solution 
based on analytics was submitted by 
Alfred S. Gutman. Following is a so- 
lution based on areas. 


To the Editor: 


A line joining the centers of two 
tangent circles will pass through the 
point of tangency. Since the altitude 
of triangles abd and bcd, Fig. 2, is 
the same, their areas are in the pro- 
portion of ab to bc. 

2 X Area A abd = 
Semi-perimeter ahd 


Area A bed 


3 
-3(1+1—5+1+5)-3-5 
Semi-perimeter bed 
3 
-3(1+14—3+1 +5)- T7" 
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SAMUEL Davis 


Ebiror's NorE—Erich Wang also 
solved the problem by areas. Below 
is given a geometrical solution. 


To the Editor: 


I wish to submit a geometrical solu- 
tion of the circle problem published 
on page 457 of the July number of 
your magazine. 

Draw circle Ky with A as center and 
AB as radius. A is the point where 
circles K, and K, are tangent; B is the 
intersection of circle K, and line M.M. 
where M, and M, are the centers of 
circles K, and K;. Circle K. intersects 
circle K, in C, and C.. The connecting 
line of C, and C, gives line Ks. Draw 
line K, through B parallel to Koo. 
Make CP, equal CB = BP.. Draw line 
AP, which intersects K. in P/. Draw 
line AP. which intersects K, in P.. 
The center M of cirele K which is tan- 
gent to all three cireles is found at 
the intersection of lines P/M, and 
PM, where M, is the center of circle 
K.. The radius of circle K is equal 
to MP,’ or MP, with P,” and P; as 
points where K is tangent to K. and 

x 

The proof of this solution is based 
en the theorem of transformation 
through inversion, the analytical ex- 
pression of which has the form r,r. — 
T, where r, and r, are the distances 
of conjugate points from a given point, 
which is called the center of inversion. 
A further condition of the inversion 
states that all correlated points have 





to lie on a straight line going through 
the center of inversion. 

It can be shown that this transfor- 
mation transforms all circles of a 
plane into circles, all straight lines of 
a plane into circles going through the 
center of inversion. and all circles go- 
ing through the center of inversion 
into straight lines. All points of the 
basic circle having the center of in- 
version as center and r as radius coin- 
cide with their conjugate points. 

Selecting point A as center of inver- 
sion and making distance AB egual to 
the radius of the basic cirele of the 
inversion, circles K, and K. will be 
transformed into lines K. and K... 
Basic circle K, intersects circle K. 
in C, and C. which points coincide 
with their conjugate points. There- 
fore. line K» must go through C, and 
C. As circle K, is tangent to basic 
circle Ko, Kio must be tangent to Kw. 
is therefore parallel to Kx. Circle Ki... 
which is tangent to circle K,, Kə, and 
Ko. must after transformation be tan- 
gent to Ky, Ko, and Ko. Thus it can 
easily be seen that the transformation 
of K, is circle Ky having distance BC 
as diameter, where C is the intersec- 
tion of line C,C, with line AB. The 
circle K to be found will be trans- 
formed into circle K, which must be 
tangent to lines Kyo, Koy and circle Kyo. 
as tangent curves are transformed into 
tangent curves again. 

Thus, the problem is reduced to the 
simple problem of finding a circle 
which is tangent to two parallel lines 
and tangent to a circle tangent to these 
same lines. It is clear that the circle 
K, must have distance BC as diameter 
and must touch lines K, and K, in 
points P, and P, where CP, = BP. = 
BC. As P/ the point of intersection of 
line AP, and cirele K,, is the conju- 
gate point of P, point P; must be 
the point where circles K, and circle 
K touch each other. Therefore, the 
center of circle K to be found must lie 
on line M.P/, as the radii of tangent 
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circles coincide. For the same reason, 
P, must be the point where circles K 
and K, touch. The center of K must 
therefore lie on the intersection of 
lines M,P and M.P/, while the radius 
of K is given by the distance MP,’ 
which is equal to distance MP;'. 

It is obvious that similar considera- 
tions lead to the solution of the more 
general problem of finding a circle 
tangent to any three circles given in 
a plane. —FREDERICK G. WILDE 


ERRORS NOTED IN 
LUBRICATION AND ELECTRIC 
ANALYZER ARTICLES 


To the Editor: 
Regarding the electric analyzer ar- 


ticle (P.E., July, 1943, pp. 442-446) 
the illustration of the original and re- 
cently added resistor and capacitor 
panel (p. 445) was upside down, and 
the statement in the first column (p. 
442) referring to steady heat flow 
varying with time should have read 
that steady heat flow remains constant 
with time. It is transient flow that 
varies with time. The article on “Se- 
lecting Lubricants for Industrial Ap- 
plications,” (P.E. July, 1943, pp. 
447—450) referred (p. 448, column 1) 
to “three fatty acids” instead of free 
fatty acids. —KENNETH E. QUIER 


LOCATION AND RUN-OUT 
MUST BE CONSIDERED 
IN SPECIFYING DRILLED HOLES 


To the Editor: 

In specifying drilled holes, it is 
useful to remember that every drilled 
hole has two sides. Where the drill 
enters is called the “location.” Where 
the drill stops or comes out is called 
the “run-out.” The location is usually 
held to 0.010 in. tolerance, com- 
mercially, and for precision to 
0.003 in. The run-out may be held 
to the same commercial or precision 
limits, but is generally given wider 
latitude. A No. 50 drill hole that goes 
into aluminum 34 in. deep, in one in- 
stance, is allowed a maximum dis- 
tance from the location of 0.025 in. 
Sometimes, as with aircraft wire-holes, 
the run-out is “visual.” That is, no 
inch measure of the run-out is taken. 
The pieces are simply inspected to see 
if the run-out is breaking a corner or 
edge of a piece. On automatic screw 
machines or turret lathes, where the 
holes are drilled axially, the run-out 
is stated in terms of concentricity. 
Common commercial practice is a 
total indicator reading of 2-0.005 and 
precision is 0.0015 in. Precision tol- 
erances require drill jigs to be re- 
paired immediately when the drilled 
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holes are more than 0.003 in. off loca- 
tion. This extra expense and delay 
can be avoided by adopting the wid- 
est tolerances that will produce useful 
parts. —ALLEN FISKE 

Haber Screw Machine Products Co. 


POST-WAR PLANNING EDITORIAL 
INVOKES MANY COMMENTS 


Epitor’s Note.—Many letters such 
as those below have been received 
from readers commenting on the edi- 
torial in the July issue of Propuct 
ENGINEERING. Every one of these let- 
ters reflects the serious interest of 
numerous manufacturers in post-war 
planning and their consequent desire 
to know more about the Committee 
for Economic Development and its 
activities. The article beginning on 
page 539 is a brief explanation of 
C.E.D. with particular emphasis on 
how design engineers can benefit from 
its facilities and participation in its 
activities. Complete information on 
C.E.D. in general can be obtained 
from C. Scott Fletcher, director of 
field development, Committee for Eco- 
nomic Development. Room 3311, De- 
partment of Commerce Building, 
Washington, D. C. Information on the 
product development division of C.E.D. 
can be obtained directly from its 
chairman, George F. Nordenholt. edi- 
tor, PRODUCT ENGINEERING. 330 West 
42nd St., New York, N. Y. 


To the Editor: 

Your magazine has given us con- 
siderable valuable information and 
is an important part of our library. 
Especially do we appreciate and un- 
derstand the problems presented in 
vour editorial on page 417 of the July, 
1943, issue. Will you kindly advise us 
how we can contact or address the 
Committee for Economic Develop- 
ment, as well as its subsidiary. Prod- 
uct Development Division?—E. J. 
Curtin; Plastics Engineering Co. 


To the Editor: 

Your editorial in the July issue of 
Propuct ENGINEERING, “Planning for 
Post-War Products’ is of interest to 
us. We would like to know more 
about the functions of the Committee 
for Economic Development. Kindly 
contact us so we might be informed 
as to the latest developments, mate- 
rials and products designed. Al- 
though we are taking steps of our 
own for post-war developments, we 
would like to be informed of the prog- 
ress and opportunities and new prod- 
ucts, whether or not they have any re- 
lationship to our line of machine tools. 


602 


Your cooperation in this regard will 
be very much appreciated.—John Mc- 
Gill; Asst. to the Vice-President: 
George Gorton Machine Co. 


To the Editor: 


We are considerably interested in 
the matter treated by your editorial 
“Planning For Post-War Products” 
in the July issue of PRoDUCT ENGI- 
NEERING. Would you kindly put us 
in the way of securing all of the 
available information on the activities 
of the Committee for Economic De- 
velopment?—Leon Archibald; Air- 
craft Engineering Section, Northwest 
Airlines, Inc. 


To the Editor: 


I have read with interest your edi- 
torial in the July issue of Propuct 
ENGINEERING. Will you please advise 
how we can get in touch with the 
Committee for Economic Development 
with regard to planning for post-war 
products? We would like more infor- 
mation concerning this undertaking 
and might be in a position to, our- 
selves, supply information of value 
to others—Wm. D. Owsley; Chief 
Engineer; Halliburton Oil Well Ce- 
menting Co. 


To the Editor: 

Your editorial entitled “Planning 
For Post-War Products” which ap- 
peared in the July issue of Propuct 
ENGINEERING, tells in a concise way 
the story that we have been trying 
to tell to our clients and prospective 
clients. We would like to obtain 2,000 
reprints of this editorial if it is pos 
sible to secure them and will appreci: 
ate it if you will send them to us with 
your invoice.—C. H. Standish; Presi- 
dent; Designers for Industry, Inc. 


To the Editor: 

Was so impressed with your edi- 
torial in the July issue of PRODUCT 
ENGINEERING that I would like to have 
some reprints. This reprint would go 
to the mailing list that gets our Post- 
War Headlines. The new issue is go- 
ing out week of July 26 and 1 would 
like to include your editorial to about 
500 out of our mailing list of 3,000 top 
executives throughout the country.— 
H. W. Alexander, Industrial Consul- 
tant. 


To the Editor: 

We have read your editorial on page 
417 of the July issue and would like 
to have your consent to have about 
200 reprints made for distribution to 


industrial plants in this state, several 
of which we are serving in an engi- 





neering capacity including designing 
of special machines, gages, tools, ete. 
We are interested in your comments 
about the Committee for Economic 
Development and will appreciate it jf 
you will advise us how we may re. 
ceive the literature from time to time 
which will be furnished by that or. 
ganization.—J. L. Rodabaugh; Vice. 
President; Ace Engineering Corp. 


GIFFEN IS INVENTOR 
OF FLIGHT-TESTING APPARATUS 


In the article on “New Flight Test. 
ing Apparatus Radios Precise Plane 
Data.” Propuct ENGINEERING, July, 
page 395, a photograph caption er. 
roneously stated that H. M. Ingalls 
was the inventor. Harvey D. Giffen. 
who is in the center of the picture, is 
the inventor of the apparatus de- 
scribed. 





Do You Know That— 


PERFECTION of a machine that meas- 
ures to one-half of one 10-millionth 
of an inch, the smallest measurement 


known to man, has been announced. 
(29) 


TIGHTLY WOVEN COTTON treated chem- 
ically under pressure with a synthetic 
resin to increase its resistance to 
abrasion, heat and moisture is now 


Leing used for outer soles of shoes. 
(30) 


PLASTIC reinforced with glass cloth 
and pressed into thin sheets is placed 
between self-sealing gasoline tanks 
and the metal cover to eliminate the 
flowering of the metal which formerly 
kept the self-sealing material from 
closing the hole when a bullet punc- 
tured the metal surrounding the tank. 


(31) 





Meetings 


American Society of Mechanical 
Engineers—Joint meeting with The 
Engineering Institute of Canada, Sept. 
30-Oct. 1, Toronto, Ont. 


American Society of Mechanical 
Engineers—Joint meeting of the Fuels 
Division with the American Institute 
of Mining Engineers Coal Division. 


Oct. 28-29, Pittsburgh, Pa. 


American Society of Mechanical 
Engineers—Annual meeting, Nov. 29- 
Dec. 3, New York, N. Y. 
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Aviation—A Progress Report 
The Lessons of War Become the Key to a Richer Peace 








UNISIA, PANTELLERIA, SICILY — stepping stones 

to momentous events! But that is not all. For 
they spell out across the blue waters of the Medi- 
terranean a pattern of invasion that has progressed 
far since last summer’s first major Commando oper- 
ation against the French coast. 

From Dieppe, you remember, too many of the 
raiders never got back. But in ‘Tunisia, and on 
through Sicily, the Allied might plowed inexorably 
forward, winning objective after objective at a sur- 
prisingly low cost in casualties. Air supremacy over 
the battlefield? Yes. But we have learned, too, how 
to save lives and shorten 
the war by strategic air 
bombardment as a prelude 
to invasion. 

Thus the bombardment 
plane—rarely seen by the 
doughboys on the fighting 
fronts—is destined to save 
their lives by hundreds of 
thousands in the decisive 
attacks that are to come. 
This fact is confirmed by 
the cold calculations of 
the responsible strategists. It will give renewed 
courage and confidence to every member of the 
armed forces and of the home fronts throughout 
the United Nations. 

For instance: thorough strategic bombardment 
of an objective reduces by nearly fifty per cent the 
surface forces required for invasion. Anticipated 
losses are reduced from more than fifty per cent of 
the original ground force to about twenty per cent. 
Precision bombardment —as used on railroad objec- 
tives in Rome—reduces this percentage of loss still 
further when it is followed by offensive action on 


the ground. 


This is the fifteenth of a series of edito- 
rials appearing monthly in all McGraw- 
Hill publications, reaching more than 


one and one-half million readers. They 
are dedicated to the purpose of telling 
the part that each industry is playing in 
the war effort and of informing the pub- 
lic on the magnificent war- production ac- 


complishments of America’s industries. 





The inference is clear. Effective prosecution of 
the war will require smaller ground combat forces 
and much larger air forces than some of our strate- 
gists once thought. 

Our most urgent need, then, is for ever-mounting 
fleets of aircraft. And, fortunately, this is just what 
we are getting. “The American aircraft industry now 
is producing as many airplanes as all the rest of the 
world combined. In 1938 we made 100 planes a 
month. Now we make three times that many in a 
single working day. By the end of 1943, our pro- 
duction rate will be about 10,000 a month. 

But at this stage of the 
war, types of planes are 
more important than mere 
numbers. In the early 
months the program was 
heavy, and properly so, 
with single-engine trainers. 
Then, as training planes 
accumulated, the empha- 
sis shifted to heavier types. 
Now we are turning out 
multi-engined bombers at 
a rate that is the envy of 
the entire world. Some months ago the President 
revealed that we were manufacturing 500 long-range 
bombers every month. The figure was conservative 
even then. And soon we shall be producing planes 
of this one type at a rate adequate to replace the 
normal losses of a fleet of at least 1000 American 
heavy bombers operating as continuously as the 
weather will permit. 

A glimpse of the poundage production may help 
us still further to evaluate the miraculous achieve- 
ments of the aviation industry as a whole. It was 


89,000,000 in 1941 . . . 291,000,000 in 1942... 
911,000,000 in 1943 . . . and 1,417,000,000 in 1944 








— if we need it. There you have the magnificent 
record of the American aircraft manufacturing in- 
dustry — a monument to the cooperation of indus- 
try, labor, government, and to all-out teamwork 
between the aviation industry and those other in- 
dustries which have converted their facilities to the 
manufacture of airplanes. 

What of our enemies and our Allies? 

German production probably has flattened out 
at 2500 a month — with downward revision in im- 


mediate prospect. Japan may be able to produce as 
many as 1000 planes a month — until we get our 
new long-range super-bombers in sufficient numbers 
to whittle down that figure. Italy may be able to 
turn out her 500 a month — for a little longer. At 
best the maximum Axis monthly total is +000. 

Add to our monthly score of nearly 8000, a total 
of approximately 4000 for Britain, Canada and 
Russia, and the United Nations score comes to 
12,000 monthly. There we have a three to one ad- 
vantage for our side. And between our own rising 
production and the brilliant operations of our 
bomber commands we should soon boost the ratio 
well above that figure. ‘Therein lies the certainty of 
continued and growing air superiority over all the 
far-flung battlefields. 

The critics of American airplane quality have been 
silenced ever since the ratio of enemy combat losses 
to our own on bombardment. missions surpassed 
four to one. In the Pacific where our heavily armed 
and armored planes are knocking off the desperately 
stripped racing craft of the Nipponese, enemy losses 
often run as high as eight to one or more. In the 
Mediterranean theater, where the Italians were 
abandoned by their Allies, the story is much the 
same. Only in the well-defended homeland of the 
Nazis do we sometimes drop below the average, but 
even in those rare instances the ratio is still well in 
our favor and the effectiveness of our bombardment 
is adding constantly to our margin. 

* x x 

Behind the production lines the battle of research 
and design still rages. In many a laboratory night- 
shift, on many a secret test field, new and terrible 
surprises for the enemy are in the making. Super- 
bombers, destined for Tokyo, have long since passed 











out of the design stage and the Japanese may learn 
about them almost any day. New discoveries, de. 
signed to sow swift and silent devastation, are farther 
along than our enemies believe. No longer will fog 
or storm or night be permitted to fight on the side 
of our foes. 

The men of science who are toiling to broaden 
the horizon of our knowledge stand today on the 
threshold of discoveries that have been sought for 
centuries. New reservoirs of power may soon exert a 
profound influence in many fields of technology 
and through them on our way of life. 

Once the war is won these new discoveries will 
be translated into better living. No longer will 
countless thousands spend their lives within their 
own communities or countries. New efficiencies in 
transportation will bring world travel within the 
reach of many who once had to stay at home. New 
family vehicles will navigate the skyways as easily 
and safely as the highways. Already more than a 
dozen manufacturers of airplanes, ships, automo- 
biles, and electrical equipment are designing, build- 
ing, or flying rotary-winged aircraft such as the 
helicopter or autogyro to meet the needs of tomor- 
row's families. New and safer aircraft of the fixed- 
wing type are ready for production as soon as 
materials become available. 

The quality that now makes each of our war 
planes worth so many of those built by our ene- 
mies will be translated into the sturdy reliability 
demanded by peacetime operation. The devices that 
seek out and find our enemies behind the veil of 
fog or darkness will, after the war, reduce weather 
hazards to the point where they will be no greater 
in the air than on the ground. 

Science and industry will continue to do their 
jobs and do them well. But jf the world is to be 
made a better place for men to live in, statesman- 
ship must not fail to do its part. 





President, McGraw-Hill Publishing Company, Inc 
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Books and Bulletins 





Strength of Materials 


Epwarp K. HANKIN—148 pages, 
514x81 in. Red clothboard covers. 
Published by John Wiley & Sons, Inc. 
Price $1.50. 

Eighth edition of Merriman’s 
Strength of Materials, this book was 
revised as a basic textbook for non- 
technical students and mechanics. The 
author made the book more practical 
and less technical than previous edi- 
tions, and shifts the emphasis from 
construction and civil engineering 
fields to industria] fields. The book 
covers the usual topics presented in 
engineering textbooks but without 
theoretical considerations. Common 
formulas are explained briefly and 
many questions and problems are 
stated to show how to use them. Ap- 
pendices give the general properties of 
industrial materials, some tabular 
data, and answers to the problems. 


Aircraft Electrical Systems 


WiLLiam F. JoRcH—208 pages, 514 
x8 in. Blue clothboard covers. Pub- 
lished by the Ronald Press Co., 15 E. 
26th St., New York, N. Y. Price $3. 


This book was written to provide 
mechanics with information on the 
common types of generators, batteries, 
ignition and starting systems. In a 
style of writing that is free from for- 
mulas, simple methods are described 
for testing electrical equipment in air- 
planes. Instruction is given on the 
maintenance and servicing of such 
equipment. The subject matter in- 
cludes chapters on generators, gen- 
erator control panels, batteries, start- 
ers, ignition and wiring. The book is 
very informative from the service 
standpoint. 


Formulas for Stress and Strain 


RAYMoNp J. RoarK—366 pages, 
6x9 in., Red clothboard covers. Pub- 
lished by McGraw-Hill Book Co., 330 
West 42nd St, New York, N. Y. 
Price $4. 


Many engineers are acquainted with 
the first edition of this tabular col- 
lection of formulas, quite a few of 
which appeared several years ago as 
Reference Book Sheets in PRODUCT 
ENGINEERING. This second edition has 


been revised for the purpose of in- 
corporating further important formu- 
las and tabulated coefficients. Experi- 
mental data which have since become 
available are also added. The discus- 
sion of properties of materials, espe- 
cially as related to fatigue, has been 
amplified. New data on stress concen- 
tration have been included. Some new 
topics are discussed, and some topics 
appearing in the first edition are now 
covered in greater detail. As before, 
the book is divided into three major 
parts: Part I, definitions and symbols; 
Part II, facts, principles and methods; 
Part III, formulas and examples cov- 
ering the behavior of structural ele- 
ments under various conditions of 
loading. 


Synthetic Adhesives 


PAUL I. SmirH—125 pages, 54x84 
in. Gray clothboard covers. Published 
by Chemical Publishing Co., Brook- 
lyn, N. Y. Price $3. 


This book may be considered as a 
primer or practical introduction to 
synthetic adhesives intended to de- 
scribe the main types and to empha- 
size their peculiar properties and 
main applications. Purely scientific 
considerations, such as advanced the- 
ories of adhesion, are given little or no 
attention. The aim of the book is to 
tell works managers and foremen 
which adhesive to select for a given 
purpose. 


Electronic Control 
of Resistance Welding 


GEORGE M. CHUTE—389 pages, 6x9 
in. Black clothboard covers. Pub- 
lished by McGraw-Hill Book Co., 330 
W. 42nd St., New York, N. Y. Price 
$4. 


While resistance welding is not 
new, the control of heating time by 
electronics has made possible new 
forms of welds and the welding of a 
wider range of articles. Those seeking 
a working knowledge of this phase of 
welding, covering ignition contactors, 
tubes and electronic timers, synchron- 
ous control of a.c. welding and energy- 
storage welding, will find this book 
most helpful. Explanations are clearly 
given and the text is well illustrated. 
Mr. Chute, who is an application en- 
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gineer for General Electric Co., De- 
troit, has taught this subject to work- 
ers in Detroit war industries and from 
them learned the type of information 


they needed. 


Resistance Welding Manual 


Published by Resistance Welder 
Manufacturers” Association, 505 Arch 
St., Philadelphia, Pa. 286 pages, 6x9 


in. Blue fabrikoid covers. . 


Published to fill a need for an 
accurate, comprehensive and practical 
reference book on resistance welding, 
this book was prepared by 38 authors 
familiar with various phases of the 
subject. The book is subdivided into 
six chapters that cover fundamentals, 
processes, machines, controls and tim- 
ing devices, electrodes and holders, 
and definitions and symbols. 


Blueprint Reading 


D. E. HoBART. Published by Harper & 
Brothers, 49 East 33rd St., New York, 
N. Y. 64 pages, not including problems, 
83x103 in., heavy paper covers. Price $1. 


First published under the title “Notes 
and Problems in Blueprint Reading,” this 
revised edition is the foundation of a 
basic course in interpreting blueprints. 
Students work from drawings presented 
with the text instead of learning to 
make the drawings to absorb the same 
principles. 


Abstract Service— 
Resins, Rubbers, Plastics 


Published by Interscience Publishers, 
Inc., 215 Fourth Ave., New York, N. Y. 
Subscription price $35 annually. 


Now in its second year, this service 
furnishes comprehensive abstracts of im- 
portant papers that appear in scientific 
and technical periodicals covering syn- 
thetic resins, rubbers and plastics and 
including the scientific aspects of cellu- 
lose and fiber chemistry. The loose-leaf 
form of the abstracts and the filing sys- 
tem provide easy availability of all data 
covered. 


Radio Data Handbook 


NELSON M. CooKE, editor. Written and 
compiled by the technical staff of Allied 
Radio Corporation; 48 pages 6x9 in. Pub- 
lished by Allied Radio Corp., 833 W. 
Jackson Blvd., Chicago, lil. 


Contains basic electrical formulas and 
equations used in radio and electronics, 
in addition to algebraic, trigonometric 
and other mathematical relationships. 
One section is devoted to nomographs for 
finding inductance, capacitance and re- 
actance. Among other data, there is a 
chart on schematic symbols used in radio 
diagrams, and RMA color codes. 
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Oil Capacitor Has 
Double Terminals 


Improvements in the Type 10 oil 
capacitor have been made by the in- 
corporation of a double terminal fea- 
ture. Both terminal lugs are insulated 
from the “floating" can and, therefore, 
no insulating washer is required. The 
capacitors are hermetically sealed by 
the use of a one-piece molded phenol 
plastic terminal assembly. They are 
available filled with either vegetable 
or mineral oil and in ratings up to 
4.0 mfd. at 600 volts d.c. and 10.5 mfd. 
at 1,500 volts d.c. The can, similar in 





size and dimensions to the usual in- 
verted screw-mounted metal can elec- 
trolytics, is of aluminum or an ap- 
proved substitute. Aerovox Corp., New 
Bedford, Mass. 


Adhesive Process Bonds 
Metal, Rubber and Plastics 


Known as Reanite, a new bonding 
process can be used for joining metal, 
rubber, synthetic rubber, plastics, 
leather and wood to each other and 
to themselves. When joining metal to 
metal the normal bond ranges from 
1,000 lb. per sq. in. to 3,000 lb. per 
sq. in. The bond developed between 
rubber and. metal ranges from 900 
lb. per sg. in. to as high as 2,000 Ib. 
per sq. in. The process is suitable 
for nearly all metals. Application is 
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made by brushing, spraying or dip- 
ping the surfaces to be joined. After 
drying, final heat and pressure are 
applied. The joint is unaffected by 
fresh or salt water, is non-corrosive 
to metals and corrosion-resistant in 
itself and has high dielectric strength. 
Maximum strength of the bond is 
developed at room temperature. Pres- 
ent uses include fabrication of air- 
plane sub-assemblies, motor mounts, 
sound and vibration assemblies, instru- 
ment mounts and composite metallic 
plastic units. U. S. Stoneware Co., 


Akron, Ohio. 


Selenium Rectifier Stacks 


Lightweight and small size are the 
principal features of a new line of 
selenium rectifier stacks. Electrical 
characteristics of selenium rectifiers 
have been improved so that conversion 
from a.c. to d.c. is more efficient. The 
stacks may be arranged to obtain 
higher current output by connecting 
them in parallel, and higher voltage 
ratings may be obtained by connecting 
them in series. Mounting can be done 
by bolts, studs or brackets. Appliance 
and Merchandise Department, Gen- 
eral Electric Co., Bridgeport, Conn. 


tan me 





Variable-Speed Test Rigs 


Many features have been added to 
the line of P. I. V. gear variable-speed 
test rigs. Illustrated is one of the 
latest of these units, arranged on a 
drilled flat-steel base to serve as a 
portable unit, for testing such equip. 
ment as vibrators, pumps and in. 
struments. Included is a vertically 
mounted 2-hp. motorized P.LV. gear 
of 6-to-1 overall speed range, con- 
nected to a helical gear box having 
three output shaft extensions for test- 
ing and a fourth extension on the 
opposite side of the box for connection 
to a tachometer, The three output 
shafts in line have speed ranges of 
300 to 3,600, 300 to 1,800, and 150 to 





900 r.p.m., respectively. The speed 
range of the shaft extension for the 
tachometer is 150 to 900 r.p.m. A 
triple-scale indicator is used for the 
three speed ranges. Link-Belt Co., 307 
N. Michigan Ave., Chicago 1, Ill. 


Variable-Speed Drive 


Problems of speed variation in low- 
power applications and operation of 
small control devices may be met with 
the Model 15 transmission for use 
with motors of not more than 145 hp. 
The unit has standard ball bearings. 
Torque ranges from 4 in. lb. at max 
mum forward speed of 3,600 r.p.m. 
input to 8 in. lb. in reverse; or from 
l in. lb. at maximum forward speed 
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of 1,800 r.p.m. input to 2 in. lb. in 
reverse. Output speed range is from 
700 to 0 r.p.m., or if it is desired to 
reverse the output shaft without re- 
yersing the motor the range is from 
400 r.p.m. forward to 400 r.p.m. re- 
verse. Among the features are low 
inertia of the reversing parts, output 
shaft and gear, and constant speed of 
the high-speed parts connected to the 
motor. The unit is adaptable to man- 
ual control by hand wheel with speed 
indicating dial located at either side 
of the unit, by lever control or other 





special control to suit the application. 
Length, including input and output 
shaft extension is 75% in., depth with 
adjustable mounting legs is 434 in.; 
height from base to top of motor is 
4% in. Graham Transmissions, Inc., 
2706 North Teutonia Ave., Milwaukee 
6, Wis. 


Waterproof Sealing Tape 


No rubber is used in a new water- 
proof pressure-sensitive cloth tape that 
withstands salt spray, dust and gas 
contamination. Although adhesive 
power is said to be great, the tape may 
be stripped off and relocated. Its 
tensile strength is also said to be very 
high. It is packed in rolls of any 
width up to 33 in. Standard length is 
60 yd. Mystic Paint Div., Chicago 
Show Printing Co., Chicago. Ill. 


Split Keeper Incorporated 
In Stop Countersink 


Based on the principle used in 
engine-valve spring design, a split 
keeper which gives positive set to 
the retainer collar on bearings is now 
incorporated in a line of micrometer 
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stop countersinks. Keeper inserts 
work on the slotted, taper-shaft prin- 
ciple. All forces directed toward the 
shaft center under constant pressure. 
Vibration will not loosen the bearing 
retainer. The unit may be disas 
sembled by hand. Aero Tool Co.. 
Burbank, Calif. 


Rotary Pumps Have 
Anti-Friction Bearings 


Available for general industrial use 
is a new series of rotary pumps with 
anti-friction bearings. Capacities range 
from 10 to 750 gal. per min. at pres- 
sures up to 150 lb. per sq. in. The 





anti-friction bearing design reduces 
the power requirements and raises 
operating pressure. The bearings are 
in contact with the liquid being 
pumped and the new units are ac- 
cordingly recommended onlv for hand- 
ling liquids having lubricating pro- 
erties. The pumps are available in 
iron or in bronze-fitted construction, 
with or without removable liners, with 
steam jacketed heads and in all 
standard drives, including gearhead 
motors. Blackmer Pump Co., Grand 
Rapids 9, Mich. 


Small Drafting Machine 


The principal feature of the Vemco 
Junior Drafter is the fact that it can 
be mounted on a portable board and 
used in the shop or field. The use of 





a shock-resisting plastic makes for 
light weight. Accurate, parallel mo- 
tion over the entire board, a full 
circle baseline setting, pre-lubricated 





and double-sealed ball bearings, and 
enclosed pulley are additional fea- 
tures. Disk brakes at the anchor and 
elbow allow the drafter to be used 
on steeply inclined boards. The cen- 
tral disk button is made of plastic. 
Lightweight aluminum scales are 
available in 8- and 12-in. lengths and 
fit into inverted slotted chucks in the 
scale holder. The protractor is 334 
in. in diameter and graduated in de- 
grees with figures by quadrants. V & E 
Mfg. Co., Pasadena, Calif. 


Self-Locking Fastenings 
For Plywood Construction 


Developed for use on plywood 
planes, a new self-locking fastening 
device can be installed from one side 
of the work, provides a washer sur- 
face, leaves the outside of the plywood 
surface smooth, does not twist in the 
hole, resists axial movement, is re- 
placeable, is independent of the 
thickness of the wood and requires no 
special tools to put in place. The 
fastening consists of a combination 
basket and standard Stop Nut. Four 
prongs at the corner of the basket sink 
into the surface of the plywood and 
two teeth inserted in the holes are 
forced into the wood as the nut 
descends. Spring fingers at the top of 
the basket clasp the nut after it is 





seated. The nut can be installed by 
driving in with a hammer, forcing in 
with a press or drawing in with a bolt. 
The assembly can be used on plywood 
with a thickness of 14 in. and up. 
Elastic Stop Nut Corporation of Amer- 
ica, Union, N. J. 


Low-Temperature 
Synthetic Rubber 


Development of an Americol com- 
pound which will remain flexible 
enough after —70 deg. F. to be bent at 
an angle of 90 deg. around a ¥-in. 
rod has been announced. The new 
compound is being used in the con- 
struction of bolted tanks for storage 
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of aromatic fuels. In the construction 
of these tanks, made from sheet metal, 
sealing strips of synthetic rubber 134 
in. wide and z in. thick are placed at 
the points where the sheets are bolted 
together. Half-inch bolts are used to 
squeeze the synthetic rubber between 
the plates. B. F. Goodrich Co., Akron, 
Ohio. 


Finned Tubing Improved 


“Cut and twisted? Fintubing has 
been added to a line of finned tubes. 
This development consists of taking 
the standard longitudinal Fintube, 
cutting the fins transversely at the 
desired intervals and twisting them, 
as shown in the illustration. The modi- 





fied tubing is said to produce greater 
turbulence and increased thermal 
efficiency, making possible savings in 
weight and pressure drop. Brown 
Fintube Co., Elyria, Ohio. 


Wire Latch Clamps 


Wiring harness clamps with an 
elastic finger have been developed for 
use in aircraft and other equipment. 
These clamps work independently of 
the attaching screw in the assembly of 
wire harnesses. The clamps are made 
of spring steel, Parkerized and given 
two coats of lacquer. They are cush- 
ioned with extruded synthetic rubber 
channels having integral resilient ribs 
to absorb variations in thickness of 
harnesses. Two latches are provided 
on each clamp for adjustment. With 
the resilient ribs and the adjustment 
feature six sizes accommodate wire 
bundles varying from 4 to 1%4 in. in 
diameter. Tinnerman Products, Inc., 
2041 Fulton Road, Cleveland, Ohio. 
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Air Regulator Improved 


U. S. Navy standards are met by 
improvements made to an air regu- 
lator now available for installation on 
airtanks, air lines, equipment calling 
for accurate, dependable control and 
adjustment of air. Working pressures 
from 0 to 140 lb. may be obtained 
from any air line or storage tank with 
a pressure of 250 lb. The unit is 
unaffected by oil or water. W. R. 
Brown, Inc., 5720 Armitage Ave., 
Chicago 39, Ill. 


Tube Fittings 


Tubing can be joined without 
threading, welding or soldering by the 
use of a new line of industrial and 
hydraulic tube fittings known as Collet 
Grip. In these fittings the compression 
nut compresses the collet nut to the 
tubing. The compression nut also com- 
pensates for any variation in the out- 
side diameter of the tubing. The collet 
nut grips the tube firmly without stick- 
ing or cutting, placing the load on the 
tube and directing the pulling stresses 
and vibration strains away from the 
flare. Two styles are available. The 
double nut series, illustrated, is made 
for tube sizes ranging from 4 in. to 


al 





2 in. The single nut series is made for 
tube sizes ranging from 14 in. to 1 in., 
inclusive. The latter series is adap- 
table for installations where space is 
limited. Cotner-Wilkinson Co., Log. 
ansport, Ind. 


Reversing Hydraulic Valves 


Originally designed to stop the 
motion of aircraft gun turrets and 
thus prevent the turret guns from 
coming in contact with some part of 
the plane, a reversing hydraulic valve 
can be used in places where it is 
desired to stop and reverse a motion 
before a predetermined danger point 
is reached. The unit operates elec- 
trically by means of a solenoid. Just 
before the desired “stop” position is 
reached an electrical circuit is closed, 
energizing the solenoid, which tips a 
cam in the valve unit. The action of 
the cam closes the normal opening of 


the valve and opens the operating 
opening, reversing the flow of the 
hydraulic fluid and, consequently, its 
motion. Each poppet and seat, con- 
tained in a cartridge, can be quickly 
removed and serviced or replaced. The 
valve is encased in an aluminum-alloy 
body and weighs 3.24 lb. Overall 
dimensions are 234 x 234 x 6; in. 
The solenoid operates on 24-volt d.c. 
and draws approximately 15 amp. 
Adel Precision Products Corp., Bur. 
bank, Calif. 


Synthetic-Rubber Hose 
Needs No Reinforcement 
Petroleum products and other solv. 


ents can be carried in low-pressure 
service with synthetic-rubber hose that 


is not reinforced or covered. The hose | 


is not affected by temperatures as low 
as —70 deg. F. and does not deterio- 
rate under sunlight. Hycar Chemical 
Co., Akron, Ohio. 


Rotary Pump Driven 
By Air or Steam 


Powered by an air-steam engine a 
rotary pumping unit has been devel- 
eped for handling gasoline and oil 
under conditions where electric power 
is not available. The engine operates 
with either steam or compressed ait 
and is connected to the pump through 
single reduction gears. Pumps, gear- 





ing, engine and controls are mounted 
on a common bedplate. The pump is 
iron fitted and has a capacity of 
50 gal. per min. at 76 lb. per sq. in. 
pressure and a speed of 460 r.p.m. 
The engine is rated at 3 hp. and 700 
r.p.m. Blackmer Pump Co., Grand 
Rapids 9, Mich. 
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Process Pllates 
Non-Conductors 


Plastics, glass or other non-conduc- 
tive materials can be metal-plated 
with a new process. Convex and con- 
cave surfaces, convolutions, corners 
and recesses are coated as well as flat 
or simple round surfaces. The plating 
does not crack, chip or peel. Advan- 
tages include conservation of metals 
and weight, simplified design, dimen- 
sional stability and resistance to oils, 
solvents, moisture and heat. Precision 
Paper Tube Co., Special Products 
Div., 2023 West Charleston St., Chi- 
cago 47, II]. 


Industrial Thermometer Case 


Critical materials are saved with a 
one-piece industrial thermometer re- 
cently introduced. The case is shal- 
low, making possible the reading of 
the mercury column through a wide 
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angle. The chromium-plated bezel fits 
into the case in such a way as to hold 
the glass front securely against four 
tension springs. Taylor Instrument 
Companies, Rochester 1, N. Y. 


Centrifugal Pump Impeller 


Designed for handling finely divided 
solids or acids which are erosive or 
corrosive rather than abrasive is a 
new type multi-vane impeller, desig- 
nated as Class S, for use in centrifugal 
pumps. Hydraulic efficiency is in- 
creased by the reduction of skin fric- 





tion and proper hydraulic relation 
between the impeller and casing. The 
impeller parts are comparatively nar- 
row and face seals instead of ring 
seals are used. Sudden changes in 
velocity or flow direction are avoided 
by gradually diverging clearance areas 
and the absence of sharp outside or 
re-entrance angles. American Man- 
ganese Steel Div., American Brake 


Shoe Co., Chicago, Ill. 


Liquid Filter 


Featuring radial fin construction a 
new sump-type liquid filter, desig- 
nated Model S, is offered. It is de- 
signed for use wherever dirty liquids 
are collected, filtered and recirculated. 
The unit can be mounted on the end 
of pump suction lines and submerged 
in the settling basin or sump. The 
unit can be dismantled without re- 
moving it from the suction line. Con- 
struction is such that filter inserts can 
be replaced easily. Staynew Filter 
Corp, 11 Center Park, Rochester, 
N. Y. 


Locking Ring 


Although originally developed for 
the electronic and radio industries for 
locking sockets and components to 
chassis bases, a new locking ring can 
be applied where parts are locked to 
a parent body. The ring fits between 
the chassis and component to be 
locked, a tool is placed over the com- 





ponent and a one-eighth turn to the 
right locks the component to the 
chassis. A further one-eighth turn 
does the unlocking. A W. Franklin 
Mfg. Co. 175 Varick St, New York, 
NX 
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High-Speed Printer 


Black and white prints of engineer- 
ing plans are produced 100 times 
faster in the Model 157 high-speed 
printer by the use of a new mercury- 
vapor quartz lamp in place of natural 
light. The new light tube is said to be 
equivalent to six or eight carbon arc 
lamps. It consists of a high-pressure 
mercury arc in an inclosure of fused 
quartz. Charles Bruning Co., 4700 
Montrose Ave., Chicago 41, Ill. 





Laminated Fiber Strap 


Made of laminated fiber, Stur-D- 
Strap can be used for strapping all 
packages weighing 90 Ib. or less. The 
material is water repellent, has 1 per- 
cent elongation and a tensile strength 
of 13,500 lb. per sq. in. It may be 
used in all types of steel strapping 
tools. It is available in 700-ft. rolls 
and 34 in. wide. A. J. Gerrard & Co., 
2700 Belmont Ave., Chicago, Ill. 





Flexible Tubing 
For Electrical Insulation 


Two new formulations, designated 
FT-11 and FT-22, have been added to 
the Synflex line of tubing. The former 
is a transparent, flexible tubing de- 
veloped for sub-zero applications. 
Working temperatures range from 
—60 deg. F. to 188.6 deg. F. The lat- 
ter material is for use as a replace- 
ment for varnished tubing and sleev- 
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ing, rubber, tin, aluminum and copper 
tubing. The transparency of FT-11 
facilititates circuit and code identifica- 
tion and permits the inspection of 
soldered points or connectors. Its 
dielectric strength is 1,000 volts per 
mil. FT-22 has temperature resistance 
of 194 deg. F. and a dielectric 
strength of 1,200 volts per mil. Neither 
material will support combustion and 
both have good chemical resistance 
and low water absorption. Sizes range 
from 0.021 in. to 2,000 in. inside di- 
ameter. Industrial Synthetics Corp., 
Irvington, N. J. 


Pressure Switch 


For proportioning control of such 
units as motor-operated valves, power 
units and program switches for the 
regulation of steam, air and gas pres- 
sures the Micro pressure switch is 
offered. It consists of a conventional 
three-wire pressure switch with the 
addition of a solenoid. A potential 
dividing rheostat is furnished as part 
of the control motor or valve operator. 
A wide variety of instruments is avail- 





able to meet requirements of all appli- 
cations. The switch operates on 25- 
volt, 60-cycle control circuit and meas- 
ures 4% x 754 x 25% in. It is available 
in ranges from 0 to 200 lb. The case 
must be mounted in a vertical position 
and a trap must be used when con- 
trolling steam pressures above 10 |b. 
Barber-Colman Co.. Rockford, 111. 





Manufacturers” Publications 





Shapes and Stampings— Commer- 
cial Shearing & Stamping Co., 
Youngstown, Ohio. Handbook, 88 
pages. Tank heads, standard steel 
shapes and medium and heavy stamp- 
ings made by the company are briefly 
described and the procedure for order- 
ing them is clarified and simplified. 


Connectors—Cannon Electric De- 
velopment Co., 3209 Humboldt St., 
Los Angeles, Calif. Booklet, 30 pages. 
Rectangular connectors having stand- 
ard contacts for rack and panel 
mountings are covered. 


Hydraulies—Denison Engineering 
Co., 1195 Dublin Road, Columbus, 
Ohio. Bulletin M-19, 4 pages. Range 
of hydraulic units manufactured by 
the company and the diversified types 
of equipment to which hydraulics may 
be applied are indicated. 


Plasties—Elmer E. Mills Corp., 
Dept. U, 812 West Van Buren St., 
Chicago, Ill. Catalog III, 40 pages. 
A revise and enlargement of former 
editions of this company's catalogs, 
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this one includes tubing and fittings 
besides 16 pages of four-color repro- 
ductions of the company's products. 

— s- 


Fasteners—Camloc Fastener Corp., 
420 Lexington Ave., New York 17, 
N. Y. Catalog, 8 pages. Installations 
of the company’s fastening devices are 
illustrated and the complete line is 
described. 


Steel—Kloster Steel Corp. 224 
North Justine St., Chicago, Ill. Bulle- 
tin, 4 pages. D-C-33 steel for hot- 
working tools and dies is described. 


Timers—R. W. Cramer Co., Center- 
brook, Conn. Catalog, 24 pages. Func- 
tions of many types of timers are ex- 
plained and emphasis is placed on 
applications of each type. 


Plasties—Monsanto Chemical Co., 
Plastics Division, Springfield, Mass. 
Product design guide, 24 pages. Mold- 
ing materials supplied by the com- 
pany are fully described from the 
standpoint of the uses and applica- 
tions of products made from them, 





with particular emphasis on desig 
possibilities, properties and future 
possibilities. 


Fastenings—Tinnerman Products, 
Inc., 2041 Fulton Road, Cleveland, 13, 
Ohio. Catalog, 20 pages. Numerous 
Speed Nut and Speed Clip applica. 
tions are illustrated and functions of 
the Speed Nut system are explained. 


Switches—Acro Electric Co., 1305 
Superior Ave., Cleveland, Ohio. Cata. 
log, 10 pages. Line of snap-action 
midget switches for various applica. 
tions is illustrated. 


Motors—General Electric Co., Sche. 
nectady, N. Y. Bulletin GEA-1437D, 
16 pages. Types of gearmotors now 
furnished by the company are des. 
scribed, their advantages listed and 
most desirable uses indicated. 


Plasties—E. I. du Pont de Nemours 
& Co., R. & H. Chemicals Dept., Wil. 
mington, Del. Technical bulletin, 8 
pages. Properties, uses and applica- 
tions of polyvinyl alcohol are covered. 


Steel—Copperweld Steel Co., War- 
ren, Ohio. Handbook, 48 pages. 
Descriptions, working suggestions 
and demonstration photographs of the 
ten Coppco tool steels are included 
along with a listing of applications 
and recommendations for the selec- 
tion of the proper tool steel. 


Coating—American Chemical Paint 
Co., Ambler, Pa. Data sheet, 4 pages. 
Uses for and characteristics of Litho- 
form, a phosphate coating for zinc- 
coated steel surfaces, are described. 


Castings—Howard Foundry Co., 
4908 Bloomingdale Road, Chicago, Ill. 
Bulletin, 4 pages. Magnesium, alum- 
inum, beryllium-copper, bronze and 
brass castings that the company can 
produce are described. 


Fittings and Valves— Weather- 
head Co., 300 East 131st St., Cleve- 
land, Ohio. Catalog, 8 pages. Fittings 
and valves of numerous types made 
for a variety of uses are pictured. 


Plasties—Pierce Plastics, Inc., Bay 
City, Mich. Catalog, 12 pages. Therm- 
oplastic shapes extruded by the com- 
pany are described and illustrated 
and applications are indicated. 


Steel —Firth-Sterling Steel Co., Me: 
Keesport, Pa. Bulletin, 4 pages. Char- 


acteristics, application and working 
data for Cromoco die steel are given. 
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